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IV  PBEFACE. 

present  book  comprises  practically  the  entire  text  of  the 
"Introduction,"  but  so  extended,  revised  and  enlarged 
that  the  resulting  volume  conefitutes  an  intermediate  work 
between  tlie  "Introduction"  and  the  "Hand  Book"  of 
Dr.  Maercker.  The  introductory  section  on  the  indus- 
trial value  of  tax-free  alcohol,  as  well  as  those  sections 
dealing  with  the  denaturing  of  alcohol,  its  use  for  lighting 
and  heating,  and  the  statistical  data,  were  written  esi^ecial- 
ly  for  this  book  by  Dr,  Charles  J.  Thatcher.  The  dis- 
cussion of  alcohol  for  fuel  power  purposes,  based  largely 
upon  the  investigations  of  Professor  Eugen  Meyer,  of  Ber- 
lin, is  my  own.  Acknowledgments  are  due  to  Mr.  Joseph 
H.  Allen  and  Mr.  Whidden  Graham,  of  tlie  Committee  of 
Manufacturers,  for  extended  information  regarding  do- 
mestic and  commercial  devices  for  the  utilization  of  de- 
natured alcohol,  as  well  as  for  valuable  data  in  regard  to 
the  benefits  to  be  derived  from  tax-free  alcohol,  here  and 
abroad,  and  the  conditions  obtaining  in  its  use. 

The  great  European  source  of  industrial  alcohol  is  the 
imtato.  Up  to  the  jiresent  time  Uiis  v^etable  has  not  come 
into  general  utilization  for  a  similar  puqiose  in  this  coun- 
try, and  the  present  sources  of  spirit  in  the  United  States 
are  found  in  the  various  grains  and  in  certain  sacchari- 
ferous  raw  materials,  such  as  the  sugar  beet  and  molasses. 
The  peculiar  suitability  of  tlie  jwtato  for  alcohol  ]>roduc- 
tion  on  a  large  scale  will  doubtless  soon  bring  about  its 
wide  employment  here,  too,  for  this  ]rar)>ose.  The  present 
volume  deals  almost  exclusively  with  tlie  manufacture  of 
spirit  from  potatoes  and  grain,  while  the  other  .=iuifable 
raw  materials,  the  utilization  of  which  is  more  limited, 
have,  of  necessity,  been  dealt  with  in  a  veiy  brief  manner 
only. 

The  principle  of  the  natural  pure  yeast  cultiin'  li;is  Iiwu 
developed  mainly  in  Germany,  where  the  science  of  fci- 


PBEFAGB. 


mentatiQii  has  attained  a  level  rivaled  in  but  few  of  the 
other  nations.  Dr.  Delbriick,  one  of  the  foremost  German 
fermetntologists,  has  been  closely  identified  with  the  devel- 
opment of  this  process,  which  is  of  the  very  greatest  im- 
ix)rtance  in  successful  distillation.  In  this  treatise  the 
principle  of  the  natural  pure  yeast  culture  in  accordance 
with  the  best  German  practice,  has  been  discussed  as 
thoroughly  as  possible,  in  order  to  emphasize  the  rule,  as 
stated  by  Dr.  Delbriick,  that,  **the  best  results  can  be 
attained  only  when  the  natural  culture  is  combined  with 
the  absolutely  pure  culture  of  the  yeast." 

Needless  to  say  the  German  publishers  have  authorized 
the  use  for  all  English-speaking  countries  of  Dr.  Maerck- 
er's  ** Introduction  to  Distillation." 


John  K.  Brachvogel. 


New  York,  February,  1907. 
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coal  and  oil  industries  as  a  producer  of  a  fuel  to  drive  his 
own  machinery  as  well  as  that  of  other  industries. 

This  new  use  of  farm  products  was  made  possible  solely 
by  the  removal  of  the  tax  of  $2.07  per  gallon  on  alcohol 
which  has  been  denatured,  that  is,  rendered  unfit  for  in- 
ternal use.  Grain  alcohol,  even  for  industrial  uses,  has  for 
many  years  cost  on  an  average  $2.50  per  gallon  in  this 
country,  almost  ten  times  as  much  as  it  should,  and  only 
because  of  this  tax.  The  removal  of  the  latter  means  that 
denatured  alcohol  will  soon  cost  at  least  not  more  than 
gasolene.  It  insures,  at  this  price,  the  successful  com- 
petition of  alcohol  with  gasolene  as  a  fuel  for  internal  com- 
bustion engines;  the  great  advantages  of  alcohol  for  power 
generation  especially  in  small  units  has  long  been  a  demon- 
strated fact. 

The  Increulnx  U*e  of  Small  Motors  and  Demand  tor  Cheap 
Liquid  Fuel. 

That  the  farmer  is  rapidly  adopting  tlie  use  of  motors 
driven  machinery  is  tlie  opinion  of  competent  authorities. 
The  advantages  of  these  engines  are  so  obvious  that  it 
will  not  be  long  before  every  fanner  will  have  to  use  one 
in  all  the  various  oi)eratious  of  the  fann.  Leading  manu- 
facturers of  agricultural  implements  are  making  arrange- 
ments to  manufacture  motors  of  this  class  on  a  large 
scale,  and  experiments  are  being  made  by  the  prominent 
tliresher  manufacturing  companies  to  ]iroduce  a  perfect 
ITortable  farm  engine  of  this  type.  They  await  favorable 
motor  fuel  conditions  alone  to  adopt  it  entirely.  At  the 
hearing  before  the  Committee  on  Ways  and  Means  of 
the  House  of  Representatives,  held  February  8  and  9, 
1906,  J.  C.  Wames,  representing  the  International  Har- 
vester Company,  stated  that  at  the  present  time  the  gen- 
eral utility  of  the  small  engine  on  the  farm  is  recognized 
more  by  the  agriculturist  than  ever  before.     He  finds  it 
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trade  in  these  articles,  we  will  need  in  the  near  future  not 
less  than  1,025,000,000  gallons  annually. 

liuuffideiKy  of  the  OKsolene  Supply. 

Gasolene  is  a  by-product  of  the  oil  industry,  and  less 
than  5  per  cent  of  it  is  obtained  from  eastern  crude  petro- 
leum and  practically  none  from  that  found  in  California, 
Texas,  and  other  states,  from  which  the  largest  part  of 
onr  oil  supply  now  comes.  But  the  demand  for  kerosene 
and  the  heavier  oils  which  comprise  the  principal  products 
of  petroleum  does  not  begin  to  increase  at  the  same  rate 
as  the  demand  for  gasolene;  and  the  rate  of  increase  of 
this  demand  is  retarded  only  by  the  high  price  of  this,  the 
only  fuel  hitherto  available  for  motors. 

On  the  other  hand,  the  statistics  of  production  show  a 
decrease  during  1905  as  compared  with  the  previous  year 
of  4,720,700  barrels  of  petroleum  in  the  yield  from  the 
oil  fields  of  Pennsylvania,  Ohio,  and  Indiana.  This,  al- 
lowing 42  gallons  to  the  barrel,  means  a  falling  oflf  in  one 
year  of  198,269,400  gallons  of  the  grade  of  petroleum 
from  which  gasolene  is  obtained,  or  a  decrease  of  nearly 
10,000,000  gallons  of  gasolene  in  the  last  year,  computed 
as  5  per  cent  of  the  decreased  cnide  oil  yield.  In  1904  the 
total  quantity  of  gasolene,  benzene,  naphtha,  etc.,  obtained 
from  crude  oil  in  tlie  United  States,  was  244,074,139  gal- 
lons. This  is  but  one-fourth  of  the  quantity  which,  it  is 
estimated,  we  will  soon  need  annually  to  run  our  internal 
combustion  engines  eight  hours  a  day,  and  this  annual 
yield  may  continue  to  decrease  at  the  rate  of  10,000,000 
gallons  per  annum  as  it  did  last  year. 

The  price  of  gasolene  has  doubled  in  tlie  past  ten  years, 
and  it  is  evident  from  the  above  that  in  a  shoi-t  time  it  will 
reach  a  prohibitive  jmce  to  all  but  wealthy  ownei-s  of  auto- 
mobiles and  motor  boats. 
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faeture  of  alcohol,  they  would  produce  a  qaantity  which 
would  be  almost  incredibly  large.  There  would  be  ap- 
proximately 10  toDs  of  stalks  to  the  acre  of  Indian  com, 
yielding  50  bushels  the  acre,  or  20,000  pounds,  and  of  this 
at  least  12  per  cent,  or  nearly  2,400  pounds,  is  fermentable 
matter,  45  per  cent  of  which  can  be  recovered  as  alcohol, 
e<iuivalent  to  1,080  pounds  of  absolute  alcohol,  or  approxi- 
mately 170  gallons  of  commercial  alcohol.  The  average 
yield  of  Indian  com  is  only  about  half  the  above,  but  the 
heavier  com  lands  of  the  countrj'  that  would  be  used  for 
growing  corn  for  alcohol  average  easily  50  bushels  to  the 
acre!,  It  is  safe  to  say  that  the  average  amount  of  sugar 
aud  starch  which  goes  to  waste  in  the  stalks  of  Indian  com 
annually  would  make  100  gallons  of  commercial  alcohol 
per  acre.  "When  we  consider  the  vast  number  of  acres 
cultivated  iu  Indian  corn,  approximately  100,000,000,  it 
is  seen  that  the  fiimntity  of  alcohol  that  is  lost  in  the  stalks 
is  so  large  as  to  be  almost  beyond  the  grasp  of  our  con- 
ception." 

AVe  have  therefore  the  authority  of  the  Secretary  of 
Agriculture  for  the  statement  that  from  com  stalks  alone 
we  may  l)e  able  to  obtain  one  hundred  million  gallons  of 
alcohol  yearly.  Even  though  it  be  found  that  this  im- 
mense source  cannot  be  utilized,  no  further  evidence  of  the 
abilit>'  of  this  country  to  produce  sufficient  alcohol  to  meet 
the  demand  for  liquid  fuel  is  necessary. 

The  Advantaces  of  Alcohol  aa  Pud. 

That  alcohol  is  suitable  for  much  of  the  work  which 
gasolene  and  gas  are  now  doing  has  already  lieen  demon- 
strated. In  fact  in  many  respects  it  is  much  sujicrior.  It 
is  clean,  odorless,  aud  its  vapor  is  not  inflammable  unless 
closely  confined,  so  that  naked  lights  can  be  used  around  a 
machine  without  danger  of  accident  or  explosion.  It  has 
a  higher  boiling  point  than  gasolene,  and  there  is  tliere- 
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do  now  in  the  form  of  grain  and  meat.  Eminent  scientists 
have  long  pointed  out  the  wastefulness  of  this  system. 
Alcohol,  on  the  other  hand,  is  composed  only  of  carhon, 
hydrogen,  and  oxygen,  and  the  products  of  its  combustion 
are  as  gaseous  and  liquid  combinations  of  the  elements  just 
mentioned  (kept  in  universal  distribution  over  the  globe). 
Nitrogen,  phosphates,  and  all  the  other  scarcer  elements 
needed  for  vegetable  growth  are  returned  to  the  original 
soil  by  the  wash  or  residue  from  alcohol  manufacture. 
When  we  add  to  these  indisputable  advantages  the  fact 
that  heavy  crops  can  be  stored  for  years  in  non-perishable 
iform  as  alcohol,  and  that  it  can  be  conveyed  by  pipe  lines 
even  more  easily  than  petroleum  products,  the  adaptability 
of  alcohol  fuel  is  more  than  sufficiently  demonstrated. 

Emacacy  of  Alcohol  Motors. 

The  hitherto  prohibitively  high  price  of  alcohol  has  pre- 
vented much  experimental  investigation  of  the  alcohol 
motor  in  this  country.  Prof.  Charles  E.  Lucke  has  con- 
ducted a  series  of  experiments  at  Columbia  University  in 
New  York  for  the  Department  of  Commerce  and  Labor, 
which  are  embodied  in  a  report  published  by  that  de- 
partment. Prof.  Eiihu  Thomson  likewise  has  tested  al- 
cohol motors  of  German  manufacture  in  the  works  of 
the  General  Electric  Company,  at  Lynn,  Mass.  In  rejjort- 
ing  upon  the  same  to  the  Committee  of  Ways  and  Means 
he  states;  "It  may  be  mentioned  here  that  our  experi- 
ments developed  the  fart  that  alcohol  is  suitable  as  a  motor 
fuel  even  when  it  contains  as  much  as  15  jier  cent  of  water. 
Notwithstanding  the  fact  that  the  heating  value  of  alcohol 
or  the  number  of  heat  units  contained  is  much  less  than 
that  in  gasolene,  it  is  found  by  actual  ex^ieriment  Uiat  a 
gallon  of  alcohol  will  develop  substantially  the  same  power 
in  an  internal-combustion  engine  as  a  gallon  of  gasolene. 
This  is  owing  to  the  superior  efficiency  of  operation  when 


10  ISDVSTBIAL    AliCOHOtt 

lighting  and  water  plants  at  very  low  prices.  One  firm 
bas  a  coQtraet  to  put  in  an  alcohol  motor  pnmp  at  Vento, 
for  use  in  connection  with  the  Habana  water  supply,  which 
is  expected  to  develop  180  horse-power,  to  cost,  with  in- 
stallation, about  $25,000,  and  to  pump  1,000,000  gallons 
an  hour  at  a  fuel  cost  of  $1.60.  The  same  firm  has  in- 
stalled an  electric  plant  alcohol  motor  of  45  horse-power 
which  supplies  138  lights  (Xemst  lamps)  at  a  fuel  cost  of 
5  cents  an  hour," 

This  is  conclusive  evidence  of  the  eflSciency  of  alcohol 
in  stationary'  engines.  There  have  been  numerous  trials 
of  it  in  motors  for  moving  vehicles  or  locomobiles  in 
Europe,  which  demonstrate  its  adaptability  and  e£Bciency 
for  such  uses.  In  France,  Messrs.  Brille,  Chauveau, 
Perisse,  Ringelmann,  Sorel,  TriUat,  De  la  Valette,  and 
Dupays  have  demonstrated  the  superiority  of  alcohol  over 
other  liiguid  fuels. 

Heniy  Dujiays,  one  of  the  foremost  Preach  experi- 
menters in  this  field,  states  in  an  article  in  the  Engineer- 
ing Magazine  of  Februarj'  14,  IIKW:  "In  the  northern 
circuit  a  niacliine  burning  carbureted  alcohol  attained  a 
mean  speed  of  72  kilometers  (44.7  miles)  per  hour,  on  a 
good  road  of  !)24  kilometers.  A  Panhard  motor  using 
the  same  fuel  made  an  average  of  !)0  kilometers  (55.9 
miles)  ijer  hour,  on  tlie  first  stage  of  the  Paris-Vienna 
race.  Such  a  high  sjieed  has  never  before  been  reached 
on  the  Paris-Belfort  run.  The  adaptability'  of  alcohol  to 
this  use  tlierefore  cannot  be  doubted." 

There  are  not  wanting  actual  tests  of  tlie  eificiency  of 
alcohol  motors  on  the  fann  itself.  In  England,  where 
most  of  the  fann  land  is  practically  level,  gasolene  and 
even  kerosene  engines  have  been  used  for  some  time  for 
plowing,  and  recently  Jlr.  Daniel  Albone,  of  Biggleswade, 
Bedfordshire,  inventor  of  the  first  agiicnltural  engine  of 
this  tyi>e,  has  tried  alcohol.    In  a  comparative  tost  of  the 
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plosion  motors.  Deaatured  alcohol  will  be  used  in  a 
short  time  as  it  is  iu  England  and  in  continental  Europe, 
in  ii  great  variety  of  industries.  For  example,  in  making 
artifioial  lubricants,  furniture  polish,  finish,  varnish, 
lac(|uers,  enamels,  celluloid,  zylonite,  aniline  colors,  dyeing  : 
and  preparing  t-olors,  dissolving  i-esins  for  hat  makers,  ! 
manufacture  of  collodion,  goldbeaters'  skin,  filling  spirit 
levels,  floating  mariner's  compasses,  extracting  vegetable 
alkaloids,  making  vegetable  extracts  (dry),  manufacture 
of  traus|jarciit  soajt,  quick-drying  paints,  preserving  ob- 
jects (if  natural  liistorj%  chemical  and  anatomical  I'esearch,  i 
in  making  sulphuric  ether,  chloral  hydrate,  chloroform, 
fulminating  powder  and  exi)losives,  liniments  of  soap,  ! 
synthetic  camphor,  aconite  and  belladonna,  liypersijerm 
oil,  artificial  silk,  electrodes  for  storage  batteries,  pho- 
tographic emulsions,  lanolin,  vinegar,  etc.  For  such  pur- 
poses thero  were  used  in  Gennany  in  the  year  1904-5 
riJdO.lMiO  gallons  iif  incompletely  denatured  alcohol,  and 
U'li.OOii.dOO  gallmis  of  completely  denatured  alcohol.  Our 
industries  making  many  of  tliesf  articles  have  been  crip- 
]tli'd  liccausc  (if  till'  hitlicHo  high  price  of  grain  alcohol, 
and  we  can  safely  predict  that  many  million  gallons  will 
soim  be  wanted  yearly  for  such  jmrposes  in  this  country. 

What  the  Past  Teaches  Us  About  the  Induatrial  Us«  of  Alcohol. 

The  extent  to  which  tax-free  alcohol  will  be  used  in 
this  country  cannnt  safely  lie  judged  from  the  progress 
of  the  industry  in  utlicr  countries,  Xo  great,  progressive, 
agricultural  naliun  has  ever  given  it  a  thorough  trial 
Knglaiid  lias  had  tax-free  alcohol  since  IS.').');  but  it  is  not 
an  agricultural  i-ounlry  and  iiiiich  of  her  alcohol  has  been 
iinporled.  From  (icnnany  even,  in  which  the  conditions 
most  closely  I'cseuible  those  here,  no  satisfactory  con- 
clusions can  be  drawn.  Tax-free  alcohol  has  been  in  use 
tliere  since  1SP7.    During  that  time  the  yearly  consmnp- 
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employed.  In  1864  the  city  of  Cincinnati  alone  utilized 
twelve  thousand  bushels  of  com  per  day  for  distillation. 
Because  of  its  low  price  alcohol  was  also  used  as  fuel  for 
the  domestic  kitchen,  for  bath  and  laundry.  The  estab- 
lishmeut  and  successive  increases  of  the  tax  on  spirits  had 
the  result  of  upsetting  all  these  industries  and  in  some 
cases  of  destroying  them." 

Summary  of  tlia  Beneflts  of  Indnttrlal  Alcohol  to  Agrlciilttire. 

It  must  now  be  clearly  evident  that  there  are  many  and 
convincing  reasons  why  fanners  and  producei's  of  alcohol 
generally  sliould  do  everything  in  their  power  to  hasten 
the  widespread  industrial  Use  of  alcohol. 

The  farmer's  interest  in  this  matter  is  twofold: 

First.  As  a  consumer,  he  obtains  cheaper  light,  heat, 
and  power. 

Secondly.  As  a  ])rodueer,  he  is  insured  of  an  increased 
and  better  market  for  his  fann  products  and  refuse. 

Under  tlieso  two  beads  tlie  following  various  imi>ortant 
facts  wliirli  Imvp  been  brought  out  in  the  foregoing  may 
Ipc  summarized. 

.\s  a  consumer  the  farmer  is  interested  in  cheap  alcohol 
beciuise: 

1st.  ('oai  and  oil,  the  fuels  which  he  will  increasingly 
need,  are  now  largely  luoiioiiolies  and  their  price  is  he- 
yoiiii  his  t'ontrol. 

L'd.  It  is  the  belief  of  authorities  that  he  will  require 
small  eiigiiu'M  to  do  nnvh  of  the  routine  labor  of  the  farm. 

;Jd.  The  demand  for  a  licpiid  tucl  lo  operate  fann  and 
(ither  motors  i.s  iticreasiug  at  a  rate  which  will  soon  vastly 
exceed  the  gasolene  and  kerosene  supply.  This  changing 
ratio  of  dciniind  and  sui»))ly  liiis  doubled  the  cost  of  gaso- 
lene ill  the  past  ten  year.'*,  and  a  further  advance  can  safely 
be  iiredietod. 

+tli.  .Mcoliol  is  well  ada)itcd  to  operate  sniidl  motors  an(1 
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price.     Alcohol  is  thus  a  sort  of  agricultural  "balance 
wheel"  which  insures  steadiuess  of  price. 

General  Advice  to  Agriculturists. 

In  the  light  of  the  immense  advantages  just  summar- 
ized of  the  extensive  use  of  alcohol,  the  fanner  cannot  well 
fail  to  do  everj'thing  in  his  power  to  spread  its  use,  better 
the  a|>pliance8  for  making  and  using  the  same,  and  help  to 
bring  its  cost  down  to  a  point  where  it  will  compete  at 
least  successfully  with  petroleum  products.  He  can  do 
this  in  many  ways,  but  more  tlian  all  by  adopting  its  use 
wlienever  possible  and  inducing  others  to  do  so.  It  may 
be  taken  as  a  certainty  that  eveiy  increase  in  demand  for 
denatured  alcohol  will  be  met  by  an  increased  production, 
mid  that  increased  production  will  result  both  in  increased 
demand  foi"  farm  products  yielding  alcohol  and  in  the  per- 
It'ftiiig  of  mctliods  of  production,  with  the  consequent 
lowering  of  the  sidling  i)rice  of  alcohol. 

In  conclusion  it  may  be  well  to  add  a  few  words  of  cau- 
tion. In  the  first  jilace,  too  nmch  must  not  he  expected 
of  tlie  alcohol  industry  at  ouce;  its  progress  is  bound  to 
be  slow,  and  ]ierha]iH  for  some  time  hardly  perceptible. 
Tliore  are  many  [ji'oblenis  to  solve  which  will  take  consid- 
erable time.  Of  course,  wc  have  the  exi)erience  of  other 
countries  wliicli  have  long  made  and  used  denatured  al- 
cohol to  draw  on.  But  it  inu.st  not  be  forgotten  that  there 
is  still  nuich  to  be  done,  that  .some  of  our  conditions  are 
(juite  dill'erent,  an<l  that  many  of  the  ])roblems  are  pecu- 
liarly our  own. 

Tlie  alcohol  motor,  for  exninplc,  is  still  in  its  experi- 
mental stage;  manufacturers  in  this  countiy  are  now 
working  on  the  i)rolilem  and  doubtless  many  engines  will 
at  once  he  introduced,  botli  good  and  liad.  But  at  least 
a  season  will  he  needed  to  ditTerentiate  the  good  from  the 
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bad  and  to  reveal  the  defects  which  will  be  found  even  in 
the  best  There  are  the  same  pecaliar  difficultieK  to  lie 
solved  in  the  alcohol  engine  as  there  were  in  the  f^amleiic, 
kerosene,  and  gas  engines.  Even  tliese  are  far  from  (M^r- 
fect,  and  are  constantly  being  improved,  and  while  mucli  of 
what  has  been  done  on  these  machines  can  l*e  applie<l  Ut  the 
alcohol  engine,  still  much  more  must  \>e  done  iK-fore  tlu* 
latter  is  generally  satisfactorj'.  And,  furthennore,  it  iiiu.«t 
not  be  expected  that  aaiy  tj'pe  of  internal  combustion  en- 
gine can  be  adapted  to  the  use  of  ahrobol  wttli  a  ffw 
minor  changes  and  give  satisfactorj'  re«uits.  Thi.>-  niat(*-r 
will  be  taken  up  later  in  the  chapter  on  motors. 

As  regards  the  question  of  the  oi>eration  of  stills  by  tin? 
individual  farmer,  it  must  be  said  that  it  cannot  \k-  don<' 
profitably  on  as  sma))  a  scale  as  it  is  in  (ir-nnauy.  In  tin- 
last  campaign  year  there  were  over  Tl.'UKi  Ko-<;illc'i  liuni'-r 
distilleries  in  operation  there,  as  against  I<«h  tluiu  I.'miO 
industrial  distilleries.  One-fifth  of  the  total  nuriili'-r  of 
distilleries  produced  ICl  times  as  min-li  aN-oliol  a.-  Ih- 
rcmaining  four-fifths,  each  one  of  wlji<-h  avr-ra^wl  !*■-- 
than  20  gallons  in  the  year.  But  the  frovcitiui'-nt  lui^ 
made  special  ]irovisions  there  which  iiiako  ilii-lillaiioti  ou 
a  small  scale  i)OSsil)ie.  It  is  not  reijiiiicd  tljiit  a  n-vcnii-' 
official  be  present  during  the  distillation  anil  all  .■^nlw- 
quent  operations. 

The  United  States  reguialions  now  in  for<-i-,  driven  irj  tin- 
Api>endix,  to  whicli  the  reader  sliould  refer,  pn'si-iilx-. 
liowever,  the  presence  of  a  revenue  ofTicial  at  caclj  dis- 
tilling plant,  which  must  be  registered  and  boinhd:  aii'l 
the  erection  of  buildings  of  a  certain  fonn  of  ion>tr  U'-tinn. 
fitted  up  with  special  appliances  for  the  (Icitaturinj;  pior- 
ess  (Sections  2  to  4),  which  also  must  be  reiristind  aii'l 
bonded  (Sections  10,  11).  Xot  less  lliait  '■'.'»>  whu-  pillon^ 
of  alcohol  may  be  withdrawn  fnnii  bonil  at  a  tinii-  U>v 
denaturing  (Section  15),  and  a  revt'inn-  ofliiial  must  al- 
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ways  be  present  during  the  removal  (Section  20)  and  the 
denaturing  process  (Section  31). 

Under  the  present  regulations,  therefore,  small-sccle 
operation  is  out  of  the  question,  and  the  farmer  is  earn- 
estly advised  not  to  tliink  of  attempting  it.  In  time,  per- 
haps, provisions  may  be  made  which  will  make  small-scale 
distillation  a  ]>ossibility.  But  before  deciding  to  embark 
on  the  production  of  alcohol  tlie  farmer  must  remember 
that  with  larger  and  more  costly  apparatus  better  yields 
can  be  obtained,  as  well  as  more  valuable  by-products,  and 
that  the  cost  is  greatly  reduced  thereby.  He  can  afford  to 
produce  alcohol  himself  only  when  he  can  do  so  cheaper 
than  he  can  buy  it.  This  he  will  be  able  to  do,  perhaps, 
only  from  fanu  products  which  have  little  or  no  market 
value.  And  even  these  it  will  be  best  to  work  up  on  a 
co-operative  basis  with  his  neighbors.  A  central  co-opera- 
tive distilleiy  using  all  such  farm  products  within  a 
radius  of  ten  miles  or  so  can  doubtless  compete  success- 
fully with  any  distant  ver>'  large-scale  plant  because  there 
will  be  considerable  saving  in  transportation  costs,  both 
of  the  raw  products  and  of  the  spirit  produced,  provided 
the  latter  is  used  near  by.  The  keynote  to  success  for  the 
small  farmer,  therefore.  lies  in  intelligent  and  hannonious 
co-oi)eralion  in  production  and  in  the  extensive  use  of  de- 
natured alcohol  on  the  farm  and  in  the  home. 
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DISTILLATION. 

A  SUMMARY  OF  THE  PROCESSES  IN  SPIRIT  MANUFACTURE. 

1.  Certain  farinaceous  materials  are  suited  to  the  manu- 
facture of  spirit  in  the  distlllerj-;  tliese  comprise,  pri- 
marily, potatoes  and  the  farinatreous  grains  of  tiie  cereals. 

2.  Only  certain  varieties  of  sugar  are  capable  of  yield- 
ing alcohol  through  fermentation,  and  therefore  it  is  first 
neeessarj'  to  convert  the  starch  into  a  sugar  which  is 
capable  of  ]iro<lucing  alcohol  feniientativcly. 

3.  This  change  is  effected  by  allowing  malt  (genninated 
grain)  to  act  upon  the  starch  of  tlie  raw  material.  The 
malt  contains  curious  nitrogenous  bodies  known  as  '■en- 
zymes," among  which  is  "diastase."  The  latter  posscsi^.s 
the  property,  under  certain  conditions,  of  converting 
:jtarcli  into  a  series  of  simpler  substances  (dextrins)  and 
finally  into  sugar  (maltose).  The  malt  for  this  purpose 
is  generally  ])repared  from  barley,  and,  less  freiiuently, 
from  oats  or  rje. 

4.  It  is  possible,  also,  to  convert  the  starch  into  sugar 
by  heating  it  with  acids.  The  sugar  ubtaincd  as  tinal 
product  in  this  process  is  "dextrose,"  which  can  be  fer- 
mented directly. 

u.  Hefore  tlie  malt  can  act  upon  the  starcli  it  is  neces- 
sary to  gelatinize  the  latter,  that  is,  to  convert  it  iiit(»  a 
paste  by  heating  with  water,  or  better,  change  it  into  a 
liquid  condition  by  steaming  under  high  iircsaure.  This 
trausfonnation  is  effected  in  special  high-iircssuro  appar- 
atus. Of  this  type  the  Ileuze  apjiaratus  is  most  widely 
eni])loyed. 

G,  The  raw  materials,  softened  and  disintegrated,  and 
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placed  in  the  preparatory  mash  vat,  are  "saccharified," 
after  they  have  been  cooled  to  the  mashing  temperature, 
by  the  addition  of  malt;  that  is,  the  starch  therein  is ! 
converted  into  sugar. 

7.  After  cooling  to  a  low  temperature,  the  yeast,  a 
substance  which  induces  the  initial  fermentation,  is  added, 
and  by  means  of  this  the  alcohol  is  produced  from  the 
sugar.  Yeast  is  a  mono-cellular  organism,  a  fungus,  which 
inhabits  the  mash  and  utilizes  the  sugar  in  the  processes  of 
its  life  changes. 

8.  Yeast  is  cultivated  from  a  bed  of  mother  yeast  ia  a 
yeast  mash.  Tliis  must  contain  all  the  substances  neces- 
sary for  the  nutrition  and  rei)roduction  of  the  yeast,  and 
must,  furtliei'more,  be  so  conducted  that,  if  possible,  the 
yoast  alone  is  develoi}ed  without  the  simultaneous  pro- 
duction of  micro-organisms  inimical  to  fermentation. 
Yeast  production  is  to-day  carried  out  almost  universally 
in  accordance  with  the  laws  of  the  "natural  pure  culture" 
formulated  by  Delbriick.  The  expert  in  fermentation  is 
able  to  regulate  the  battle  for  supremacy  between  the  fungi 
so  tliat  it  leads  to  tlie  destruction  of  harmful  organisms 
and  to  the  survival  of  the  desired  culture  yeast. 

9.  AVhen  the  yeast  has  ripened  it  is  placed  with  the 
sweet  mash  in  the  fennentiug  tub,  or  where  water-cooled 
jneparatory  nuisli  vats  are  available,  directly  in  these  and 
aftei'ward,  together  with  the  mash,  in  the  fermenting 
vat.  At  the  proper  temperature  it  induces  fennentation 
so  that  the  sugar  is  split  up  into  alcoiiol,  which  remains 
in  the  mash,  and  carbonic  acid,  which  escapes.  At  this 
stage  of  the  process  it  is  necessary  to  maintain  the  temper- 
ature within  certain  limits  in  order  to  obtain  the  highest 
possible  alcohol  production  from  the  mashed  raw  material. 

10.  As  the  alcohol  produced  in  the  fenuented  mash  is 
volatile  in  nature,  it  can  be  converted  into  vajtor  by 
heating  in  proper  apparatus,  and  can  be  strengthened  in 
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special  devices  which  to-day  are  included  directly  in  all 
distilling  apparatus.  It  is  tlieo  condensed  to  higli-per- 
centage  spirit  (raw  spirit)  in  coolers, 

11.  As  this  raw  spirit  still  contains  fusel  oils  and  other 
by-product  constituents  of  unpleasant  taste  and  odor,  it 
must  undergo  a  purifying  process,  filtration  and  no- 
tification, before  being  available  for  the  best  uses.  Tiie 
purification  is  usually  accomplished  in  special  iippanitiis 
in  alcohol  refineries.  Within  the  jiast  few  years,  how- 
ever, distilling  api)aratus  which  produces  clean  or  tw- 

■  tified  spirit  directly  from  the  mash  has  been  desij^iu'd 
and  successfully  utilized. 

12.  The  mash  when  freed  from  spirit  is  called  residual 
li<iuid  or  spent  wash,  and  jirovidcs  a  useful  fdihlci'  for 
ajiricnltural  domestic  animals.  It  has  been  fouiiil  adviiii- 
tageous  to  feed  it  to  cattle  while  it  is  still  imiist  and 
warm.  However,  it  is  often  worked  into  a  dry  state  in 
i-pecial  drying  apjiaratus,  and  is  used  in  the  i'oiiri  (»f  cakes. 

l-'J.  It  is  also  possible  to  produce  alcolml  from  ccrliiiii 
sacchariferous  substances  such  as  grapes,  figs,  siigai'  beds, 
find  the  residual  molasses  from  sugar  maiiuractuic  .Vs 
these  substances  already  contain  sugar,  tlie  rcinicr  will  iiii- 
ik'istand  tliat  they  do  not  need  to  undergo  the  itiasliing 
process  necessary  with  starchy  raw  materials,  and  it  is 
tirerefore  (Kissihle  to  feniicnt  them  iMrectly  willi  ycasi, 
after  sufficient  comminution.  ConsciiuiMitly.  lljc  tiiarittfju'- 
tiire  of  alcohol  from  materials  of  this  nature  is  simpler 
lliaii  that  from  starchy  substances. 

Within  recent  years  serious  attempts  have  liecn  iiiadi' 
to  produce  spirit  from  substances.  cs|)ci'ially  wond  and 
[K-at.  in  which  feniientable  sugar  can  be  obtained  liiroitirh 
the  conversion  of  cellulose.  The  results  of  the  cxiieri- 
inents  and  tests  which  have  been  uiailc  sd  lar  arc  iicit 
promising,  and  it  would  apjiear  tiiat  the  prospect  I'm'  the 
lucrative  production  of  alcohol  by  this  method  is  slight. 


STARCH,   HOW   IT    IS  FORMED.  ITS  CHARACTERISTICS,  AND 

THE  CHANCES  IT  UNDERaOES  IN  SPIRIT  MANUFACTURE. 

I The  Font»  of  Starch. 

STARCH  is  the  first  assimilative  product  of  the 
chlorophyllaceous  plant  cell.  It  is  a  soft,  white 
powder,  glistening  in  sunlight,  and  it  consists  of 
giiinules  varying  widely  in  size  and  possessing  a  distinct 
fonn  for  each  of  the  various  starchy  substances.  Thus, 
the  starch  of  potatoes,  Fig.  1,  consists  of  oval  granules, 
lentil-shaped  in  cross  section  and  having,  in  many  cases, 
evenly  crimped  edges.  Each  granule  has  an  eccentrically- 
located  kernel  or  nucleus,  usually  near  the  smaller  end 
of  the  granule.  The  similarly  eccentric  layers  or  strata 
are  numerous  and  generally  distinctly  marked;  some  of 
these  are  always  clearly  visible  under  the  microscope. 
Besides  these  oval  granules  there  are  smaller  circular 
ones  which,  perhaps,  should  be  regarded  as  undeveloped 
foims  of  the  others. 

The  starch  granules  of  rye,  wheat,  and  barley  are  quite 
different  from  those  of  the  potato,  but  resemble  one 
another  rather  closely,  so  that  while  they  can  be  differen- 
tiated only  by  means  of  careful  microscopic  measure- 
ments, they  are  easily  distinguished  from  those  of  all 
other  varieties  of  starch.  They  always  comprise  granules 
of  (wo  distinct  sizes,  with  no  transitional  forms  of  in- 
termediate size.  The  large  granules  are  lentil-shaped, 
the  smaller  ones  spherical,  though  sometimes  of  polygonal 
form.     They  are  usually  unstratified  or  show  but  few 
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layers,  and  the  nucleos  is  seldom  apparent,  though  its 
location  may  be  indicated  by  one  or  more  fissures  in  the 
granule.  The  smaller  granules  are  always  unstratified,  as 
shown  in  Fig.  2. 


Fia.  1. — Potato  Starch  Magnified  300  DiA^tiETEBS. 
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Maize  or  com  starch  consists  mainly  of  aggregated 
granules  containing  many  simple  granules  of  round, 
spherical,  or  polygonal  form.    Some  simple  granules  are 
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found  in  the  inner,  farinaceous  part  of  the  maize  grain, 
while  in  the  outer,  homy  part,  on  the  other  hand,  the 
starch  granules  lie  closely  pressed  together  and  compacted 
into  unnatural  forms.  Fig.  3  shows  simple  and.  aggre- 
gated com  starch  granules. 

According  to  Wiesner  the  average  sizes  of  com  starch 
granules  are  as  follows: 

Millimeter. 

Barley    ( large    granules) 0.0203 

Wheat    (large  granules) 0.0282 

Rye   (large  granules) 0.03G9 

Potatoes    ( large  granules  I 0.070 

Outs  (aggregated  granules) 0.031 

Corn    (aggregated   granules) 0.047 

Of  the  different  kinds  of  starch  used  in  alcohol  manu- 
facture, that  of  tlie  potato  presents  by  far  the  largest 
graimles.  Starch  granules  appear  to  possess  a  resistant 
envelope  tliat  is,  iierhajis,  cellulose.  According  to  Nageli 
starcli  is  an  intimate  mixture  of  two  isomeric  bodies, 
starch  granulose  and  starcIi  cellulose. 

II.— The  Composltioii  and  Formation  of  Starch. 

Starch  or  amylum  is  a  carbohydrate.  The  carbohydrates 
comprise  a  class  of  bodies  which  are  widely  distributed 
throufiliout  the  vegetable  kingdom  and  which  form  the 
most  important  constituent  of  ))]ant  life.  They  belong  to 
tlic  liexane  series  and  are  divided  into  three  groups.  The 
third  of  these  conijuises  dextrin,  gum,  glycogen,  starch, 
cellulose,  tunicine,  and  umcilage,  and  it  ])ossesses  the 
formula  C„H,„0;.  Of  these  constituents  0  represents  44.44 
per  cent,  H  G.17,  and  O  49.3!>.  The  above  formula,  how- 
ever, does  not  express  the  molecular  size  of  the  starch 
granule;  starch  nmst  rather  be  regarded  as  a  polysae- 
cliaiide,  in  which  numerous  groups  having  the  composi- 
tion CiHiiiO;  have  combined  to  form  a  large,  complex, 
molecular  body  of  involved  stratification. 
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Starch  is  formed  in  the  green  portions  of  plants  through 
the  combination  of  carbonic  acid  and  water  by  means  of  a 
redaction  process  expressed  by  the  formula 

6C0,  +  5H>0  =  C.H,„0,  +  120. 

Carboiuo        Wuor  Starcb  Oiygen 

Add 

The  process  of  starch  formation  is  dependent  upon,  or 
at  least  influenced  by,  the  action  of  the  luminous  rays  of 
the  sun.  The  starch  formed  in  the  green  cells  is  freed  by 
enzymes  and  is  then  converted  into  sugar.  The  sugar, 
in  solution,  is  distributed  throughout  tlie  plant  and  is 
stored  at  certain  points,  such  as  the  grains  or  tubercles, 
after  it  has  again  been  converted  into  starch.  The  physio- 
logical puri)09e  of  this  storing  up  of  starch  is  to  jirovidc 
I'ormative  and  nutritive  elements  for  the  i)ropagatiou  of 
new  vegetable  life. 

Ill Tli«  Characterlatlcs  of  Starch. 

The  specific  gravity  of  dry  starch  varies  between  1.5n21> 
(air  dry)  and  1.053  (completely  dr\').  U  distorts  tlie 
}ilane  of  polarization  sharjily  to  the  right  (irj  =  -f  l!!!).")). 
It  is  a  strongly  liygroscopic  substance.  That  is,  when  it 
has  l>een  thoroughly  dried  at  a  high  tempi'rature,  starch 
will  absorb  considerahle  quantities  of  water  froni  niois- 
ture-Iaden  air.  Tlie  quantities  of  absorbed  iimislun',  huw- 
ever.  van.'  with  the  kind  of  starch  in  »[iiesti(iii.  Tlu^  most 
strongly  hygroscopic  of  the  starches  is  that  of  tlic  imtalo. 
Starcli  is  eomi)letely  soluble  in  alcohol  and  cllicr,  as  wt'll 
as  in  other  connnonlv  employed  solvents. 

Thr  Behavior  of' Stnirh'Rrlatiir  to  W»ili-i:^Vi\!Xi-h\^ 
linized  starch  is  not  affected  by  cold  wntei-.  In  hot 
water  the  process  ordinarily  known  as  fii'latinization  ur 
impasting  takes  place.  Willi  rising  tcnipcratiiri'  (if  llu- 
water  the  starch  absorbs  incrcafiing  qnantitics  of  inoistiin'. 
At  the  beginning  of  the  gelatinization  the  starch  fjranulfs 
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begin  to  crack  near  the  nucleus,  the  cracks  extending  in 
the  direction  of  the  thinnest  layers ;  at  129°  F.  some  of  the 
grains  swell  and  burst;  many  more  undergo  the  same 
change  at  138°  to  140%  at  142°  still  more,  and  at  144'  to 
147°  nearly  all  of  the  granules  burst,  while  between  149" 
and  176°  the  real  gelatinization  takes  place  in  the  majority 
of  the  starches,  that  is,  the  transformation  into  the  well- 
known  glue-like  oi)alescent  mass.  The  final  temperature 
of  the  gelatinizing  process  varies  with  the  different 
starches  as  follows: 

Potato   starch 149**  F. 

Barley    starch    176*»  F. 

Oat    starch    185**  F. 

Rye  starch    176**  F. 

Wheat   starch 176°  F. 

Corn    starch    167°  F. 

The  temperatures  of  gelatinization  according  to  Lipp- 
mann  are  as  follows : 


Variety  of  Starch. 

Distinct 

Swellinjr. 
T)c>rrees  F. 

118.()0 
122.00 
126.50 
im.50 
126.50 
115.25 
128.75 
122.00 
181.00 

ommenccmcnt  of 

(ielatinJzation, 

Degree;*  F. 

Complete' 

Gelatinization, 

Deprrees  F. 

Rye  starch          

Com  starch i 

122  00 
131.00 
133.25 
l:V).50 
137.75 
137.75 
137.75 
149.00 
155.75 

131.00 
144  50 

Horse  chestnut  starch 

Barley  starch . 

Chestnut  starch 

Potato  starch 

Rice  starch 

137.75 
144.50 
144.50 
144.50 
142  25 

Wheat  starch          

Buckwheat  starch 

153.50 
160.25 

It  is  to  be  noted  that  cereal  starch  requires  a  tem])era- 
ture  for  the  coinmenceinent  of  gelatinization  higher  by 
59°  F.  than  that  necessar)"  for  potato  starch,  notwith- 
standing that  the  granules  of  cereal  starch,  with  the  ex- 
ception of  com  and  rice,  dissolve  more  readily  in  the 
presence  of  malt  than  do  those  of  potato  starch.  A  certain 
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quantity  of  water  is  requisite  for  gelatinization ;  Saare  has 
determined  this  quantitj^  to  be  0.4  part  by  weight  of  water 
for  each  part  of  air-dried  starch.  However,  greater  quanti- 
ties of  water  are  necessarj^  for  rapid  and  complete  paste 
formation.  By  the  action  of  cold  water  malt  extract  is 
transformed  into  dextrin  and  maltose. 

0 'Sullivan  has  shown  that  the  variety  of  sugar  formed 
by  tbe  action  of  diastase  upon  starch  is  maltose  and  not 
glucose.  The  chemical  process  of  transformation  is  in 
accordance  with  the  formula 

CisHsOio  +  H2O  =  C12H22O11  +   CeHioOo 
starch  Water  Maltose  Dextrin 

From  100  parts  of  starch  are  obtained  67.85  parts  of 
'naltose  and  32.15  of  dextrin.  Recent  investigations  have 
<lciiionstrated  conclusively  that  the  proportionate  quanti- 
^'^^'^  of  maltose  and  dextrin  depend  upon  the  process  of 
J'lasliing  and,  esi)ecially,  upon  the  temperature  during  tliat 
<'l'(iation.  Thus  the  above  equation  is  admissible  only  for 
♦I  toinperature  of  about  145°  F. ;  the  resulting  quantities 
"t  maltose  and  dextrin  varj^  widely  from  the  figures  given, 
^^itli  (liiTerent  temperatures.  Thus,  if  the  mashing  teni- 
1  <ratiiro  is  raised  above  158°  F.,  100  parts  of  stiirch  yield 
^'.4  of  maltose  and  82.6  of  dextrin. 

Brharior  of  Starch  Under  High  Pressure. — AVhen 
starch  is  ])roi)erly  mixed  with  water,  preferably  in  the 
proportions  of  1  to  4,  and  is  heated  in  a  closed  vessel, 
Ktlaliiiization  occurs  rapidly;  if  the  temperature  in  the 
^>ss(»|  rises  to  about  230°  F.,  the  thick,  viscous  paste  be- 
^iIls  to  melt,  and  between  248°  and  270°  F.  it  becomes  com- 
I'letelv  Huid.  It  can  afterward  be  cooled  to  122°  F.  with- 
^'Ut  immediate  regelatinization.  The  latter  action  does 
JH't  occur  until  after  the  solution  has  stood  for  a  consid- 
erable i)eriod.  This  fact  is  of  the  greatest  imi)ortance  in 
^lie  practice  of  distillation.  The  starchy  raw  nuiterials  are 
steamed  under  high  pressure,  and  thus  the  starch  is  ob- 
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tained  in  s  solution  which  remains  at  least  partially  fluid 
after  being  cooled  to  the  mashing  temperature.  In  this 
solution  the  conversion  of  the  starch  into  sugar  is  ef- 
fected completely  and  almost  instantaneously  by  the  malt. 
For  this  reason  sugar  formation  takes  place  with  much 
greater  rapidity  when  the  raw  materials  are  prepared  un- 
der pressure  than  when  the  starch  is  gelatinized  by  cook- 
ing alone.  Furthermore,  as  the  disintegration  is  more 
complete  in  the  first  method  of  oi)eration,  the  quantities  of 
sugar  and  alcoliol  obtained  are  correspondingly  greater 
than  when  the  second  method  is  osed. 

IV starch  ReacUoiu. 

The  term  dextrin  is  more  general  than  special,  for  starch 
is  converted  into  several  dextrins  by  tlie  action  of  mineral 
acids,  particulai'ly  hydrochloric  acid,  as  well  as  by  organic 
iicids.  such  as  oxalic  acid,  liy  the  continued  action  of  the 
acids  llic  .stiircli  is  further  changed  into  dextrose.  By  the 
acliuii  iif  these  n<-ids  or  of  concentrated  alkalies,  starch  first 
l'<iiri;s  ii  sulisiijiiuy  viiiicty,  which  is  soluble  in  water  and 
is  knnwii  as  sululile  starch  or  ainylo-dcxtrin ;  this  remains 
snlulilc  lor  a  considerable  time,  even  after  it  has  been  freed 
I'loiii  the  acid  or  tlie  alkali  wliieb  effected  the  conversion, 
and  it  is  i.nly  very  jrradually  recniiverted  into  the  insolu- 
ble irHidiiicjiliou.  Sdlubic  starch  can  be  ]iroduced  as  fol- 
lows: ;;  pails  nt'  slaicli  aie  j-round  up  with  '2  parts  of  con- 
ccntialcd  sulphuric  jtcid.  and  llio  white,  translucent  mass 
is  ilicn  (rituiiitcd  with  alcubnl  after  liciuji  allowed  to  stand 
I'nr  half  au  Imur,  and  is  finally  washed  with  alcoliol  until 
Ibc  acid  rcaclioii  disapjiears.  In  J.iiilnei-'s  method  the 
slaicli  is  alltiwcd  tn  staiul  in  a  7.5  jjcr  cent  solution  of 
liydrochloric  ni'id  for  six  or  einlit  days  at  ordinary  tem- 
|.ci'atiii'c,  is  waslic<l  repeatedly  with  water  till  the  acid 
icacliuii  (lisappcar.s,  an<l  is  then  dried  in  air.  The  product 
called  erythro-dextrin  may  be  classed  with   the  achroo- 
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dextrins  which  give  no  reaction  with  iodine.  Soluble 
starch  evidences  all  the  reactions  shown  bv  ordinary 
starch.  Neither  soluble  nor  insoluble  starch  will  reduce 
Fehling's  alkaline  copper  solution,  whereas  certain  varie- 
ties of  sugar  decompose  this  solution  with  the  sei>aration 
of  red  copper  protoxide. 

With  concentrated  alkalies,  not  however  with  ammonia, 
starch  swells  and  forms  gelatinous  combinations;  barj^ta, 
strontium,  and  lime  give  similar  combinations  which  are 
absolutely  insoluble  in  water.  Gelatinized,  as  well  as  solu- 
ble starch,  is  precipitated  by  tannic  acid.  One  of  the  most 
important  reactions  of  starch  is  that  in  the  presence  of 
tincture  of  iodine,  or  of  an  iodine  solution  in  iodide  of 
ix)tassium.  Insoluble,  gelatinized,  and  even  soluble  starch 
are  colored  an  intense  blue  bv  the  iodine  solution  which 
fonns  iodine  starch.  This  reaction  is  so  clear  and  dis- 
tinctive that  it  is  possible  to  demonstrate  by  means  of  it 
the  i)resence  of  even  the  minutest  quantities  of  starch.  The 
solution  to  be  used  in  the  test  for  starch  is  best  pre])ared 
by  adding  to  1  liter  of  water  5  grammes  of  iodine  ground 
up  with  10  grammes  of  iodide  of  potassium  and  a  little 
water  and  then  diluted  to  1  liter.  Old^  iodine  solution 
which  has  stood  for  some  time  and  in  which  appreciable 
hydriodic  acid  has  been  fonned,  gives  an  incomi)lete  re- 
action ;  it  is  therefore  advisable  to  prepare  a  new  solution 
for  use  in  the  distillerj^  at  least  once  eveiy  three  years. 

In  using  tlie  iodine  reaction  for  the  detennination  of 
starch,  certain  rules  should  be  obsei-A^ed.  The  licpiid  which 
is  to  be  tested  should  not  be  hot,  as  iodine  ('()iiil)ines  with 
starch  to  manifest  the  blue  reaction  only  at  low  teni])ora- 
tures.  If,  for  instance,  a  solution  which  has  been  colored 
blue  bv  iodine  is  heated  to  140°  or  160  F.  the  discoloration 
disapi^ears.  The  blue  color  reapi)ear8  if  the  iodine  is  lib- 
erated by  the  addition  of  ])otassiiini  nitriti*  and  a  dio])  of 
sulphuric  acid.    If  iodine  starch  be  heated  foi*  a  long  time 
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a  permanent  discoloration  takes  place,  as  the  application 
of  the  heat  has  changed  the  iodine  to  hydriodic  acid.  The 
presence  of  caustic  alkalies,  alkaline  carbonates,  and  alka- 
line earths,  such  as  lime  and  bar>'ta,  disturbs  the  iodine  re- 
action, as  these  substances  themselves  react  with  iodine. 
The  presence  of  sulphureted  hydrogen  or  sulphuric  acid 
similarly  interferes  with  the  reaction. 

It  sometimes  ha))i:)ens  that  the  mash  contains  substances 
which  decompose  the  iodine  solution*with  the  formation  of 
hydriodic  acid,  so  that  under  certain  circumstances  there 
is  no  apparent  reaction  when  but  a  few  drops  of  tlie  solu- 
tion are  added  to  the  starch  fluid.  Consequently,  it  is  al- 
ways necessary  to  use  a  considerable  quantity  of  the  solu- 
tion to  insure  the  reaction  with  starch,  though  care  should 
be  taken  not  to  add  too  much,  as  a  very  large  quantity  of 
tlie  iodine  solution  influences  the  resulting  color.  Starch 
takes  up  iodine  from  other  substances  discolored  through 
the  action  of  iodine,  as  for  instance  albuminoids.  In  a 
mixture  of  such  substances  the  discoloration  of  the  albu- 
minoids does  not  occur  until  the  iodine  absorption  by  the 
stjirch  is  completed,  that  is,  until  the  starch  is  saturated. 
A  sufficient  addition  of  iodine  is,  therefore,  also  neeessaiy 
for  the  success  of  the  reaction  in  this  ease. 

V The  Behavior  of  Starch  with  Respea  to  Adds  ■nd  Diastase. 

liy  treating  starch  with  dilute  acids  it  is  first  converted 
into  soluble  starch,  then  into  dextrin,  maltose,  and  finally 
into  dextrose  (grape  sugar)  which  is  capable  of  direct 
feiiiicntation. 

in  the  fennentation  industries,  the  utilization  of  the 
starch  is  made  possible  through  the  enzymes,  especially 
the  diastase  contained  in  malt.  By  the  action  of  the  dias- 
tase the  starch  is  first  dissolved,  and  is  then  changed  suc- 
cessively into  a  series  of  intermediate  products  (dextrins) 
and  then  into  a  variety  of  fermentable  sugar  (maltose) 
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K-bieh  is  split  ap  and  is  snbseqaently  fermented  by  means 
of  an  enzyme  (maltase)  foimd  in  yeast  and  re1ate<]  to 
diastase.  These  fandamental  processes  are  of  the  utmost 
laiportance  in  distiUation  and  will  be  discussed  later  at 
greater  lei^th. 


PART    II. 

THE  ENZYMES  OR  FERMENTS. 
1 GENERAL.   INTRODUCTION. 

THE  most  imjDoi-tact  processes  in  the  fermentation 
industries  depend  upon  the  action  of  enzymes  or 
fennents.  Under  the  term  ferments  is  understood 
a  series  of  organic  substances,  which  when  added  in  small 
quantities  to  other  organic  bodies  are  capable  of  decom- 
posing tlie  latter  without  resulting  ciiange  in  tliemselves. 
In  general,  ferments  may  be  classed  as  unorganized  or 
chemical  ferments  (enzymes)  and  organized  or  vegetable 
ferments.  The  enzymes,  with  respect  to  their  properties, 
are  similar  to  the  peptones;  they  are  nitrogenous  proteins, 
albuminous  bodies  which  are  impossible  of  coagulation. 
The  enzymes  lose  their  decomjwsitive  efficacy  at  tempera- 
tures of  194°  F.  and  over— most  of  them,  however,  at 
21i2°  F.  They  can  more  easily  resist  a  drj'  heat  than  a 
moist  one,  and  thus  diastase  in  a  dr>'  state  can  withstand 
a  temperature  of  from  248°  to  257°  F.  without  losing  its 
efficacy.  Diastase  is  classed  with  the  unorganized  fer- 
ments, wliile  yeast  is  generally  recognized  as  belonging  to 
the  vegetiible  or  organized  ferments.  According  to  recent 
investigations,  however,  its  efficacy  is  also  caused  by  a 
chemical  ferment. 

Up  to  the  present  time  it  lias  been  impossible  to  isolate 
and  produce  enzymes  in  the  pure  state,  but  their  effects 
and  properties  are  sufficient  to  characterize  them.  Tims, 
the  latter  demonstrate  that  the  enzymes  closely  resemble 
albuminoids,  even  in  their  chemical  compositions,  and 
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tbat  they  strongly  affect  other  combinations  to  hring  about 
tlie  decomposition  of  tlie  latter  and  to  convert  them  into 
simpler  bodies  without  being  themselves  altered  by  these 
luoceases.  This  is  called  the  deoompositive  effioacy  of 
Hie  enzymes,  and  it  explains  the  plieuoinenon  that  very 
small  masses  of  the  ferments  are  cajjable  of  decom))Osin>f 
large  ((uantities  of  the  substances  acted  upon.  I'sually 
Ibe  action  appears  to  continue  until  a  condition  of  (hjui- 
librium  has  been  established  between  the  substance  to  Iw 
decomposed  and  the  separated  products.  If  there  is  more 
of  the  latter  present  than  corresponds  to  the  condition  of 
pijnili))rium,  the  enzymes  must,  according  to  the  laws  of 
chemical  balance,  effect  the  building  np  of  the  original 
substance  from  the  separated  products  until  the  lialaiicc  is 
ic-cstablislied.  This  is  called  the  formative  efficacy  of  the 
enzymes.  The  "reversions"  observed  in  expcriiticiital 
investigations  would  ajipear  to  confirm  this  theory. 

II.-CLASSIPICATION  OF  THE  ENZYMES  ACCOKDINQ  TO 

THEIR  ACTIONS. 

I  .—Carbohydrate  Enzymes. 

These  enzymes  effect  the  decomposition  of  carholiydrates 
of  ('oinplex  molecular  constitution  into  simpk-i-  cailnjliy- 
(hates.     They  include: 

A,  D'laafase,  which  decomposes  starch.  The  rcsiiltirif? 
|iroducts  are  dextrin,  maltodextrin,  and  nialtns)'. 

B.  MdlUise;  this  splits  np  maltose  into  the  diieclly  IVi-- 
iiientable  dextrose.  The  related  enzyme  yhumr  is  cajiablc 
of  decomiwsing  starch  into  dextrose. 

(',  Iiu-crtusc  converts  eane  sugar  into  inverted  sii;r;n.  a 
laixture  of  dextrose  and  levulose. 

2.— Proteolytic  Enzymes. 

These  are  able  to  decompose  ali)umfns.  They  arc  diar- 
acterized  according  to  the  final  products  of  the  dtciiiii]iosi- 
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tioQ  as  ya)  (vptio.  with  which  the  final  products  are  pep- 
tooee.  and  t  h )  try{>tic.  with  which  the  decompositioD  prod- 
uots  are  amides:  to  these  belong  the  peptase  of  malt  and 
the  cM(Mr(/^iN  [pK'pta^e)  of  yeast. 

This  is  an  enzyme  of  yeast  which  dnring  fermentation 
^ej-arates  sugar  iulo  aU'ohol  and  carbonic  acid. 


These  are  enzymes  which  effect  oxidation  processes,  and 
whii-b  are  of  great  imiH>rtance  in  the  production  of  the 
ne^-essarj-  living  energy  of  the  cell  by  the  combustion  of 
flu:  nutritive  substances.  In  this  action  sugar  is  consumed 
t'(  water  and  carbonic  acid  through  tbe  taking  up  of 
oxytren. 


Tlio  activity  of  these  enzymes  consists  in  the  decomposi- 
tion of  lite  fats.  To  their  efficacy  can  probably  be  ascribed 
til*'  ;i|i|M*arai]ce  of  glycerine  during  fermentation. 

III.    THE  ENZYMES  OF  OREATEST  inPOttTANCE  IN  THE 
DISTILLATION  PROCESSES. 

*  ''-rlain  of  the  enzymes  are  of  great  importance  in  eon- 
fK'ffioii  witli  the  processes  of  the  distillation  industry,  and 
Ificrtf-  n;(juire  Hjieoial  consideration. 
I.— OlMtase. 

iJifiHtaflO  is  the  enzyme  of  malt  which  effects  the  conver- 
sion or  Ktiirch  into  soluble  starch,  dextrin,  and  finally  mal- 
io>^i-.  It  \h  formed  in  the  processes  of  germination,  either 
jiitilicJal  or  natural,  and  increases  with  the  duration  of 
I  lie  K'owth  of  the  grains.  The  sugar-forming  enzyme  of 
llic  iiiiKr-rininated  graius  differs  from  diastase.  The  latter 
in  Joiind  in  the  vegetative  parts  of  the  organisms,  and  is 
Ifngcly  influential  in  the  transfer  and  distribution  of  the 
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ininoids  or  form  insoluble  combinations  tberewith,  siin . 
ilaily  affect  diastase.  Tliis  accounts  for  the  discoloration 
and  the  precipitation  of  flakes  in  cooking  the  waterj'  solu- 
tion. Similarly,  diastase  in  solution  is  coagulated 
and  rendered  ineffective  through  the  action  of  certain 
acids,  esjiecially  the  lactic,  butyric,  and  acetic  acids  pres- 
I'nt  in  tlie  mashes,  and,  less  readily,  by  the  salts  of  the 
heavy  metals. 

t'ertain  substances  have  an  irritating  and  stimulating 
effect  upon  diastase;  among  these  are  asparagin,  par- 
ticularly in  the  presence  of  carbonic  acid,  small  quan- 
titii'S  of  mineral  acids,  cBi)eciaIly  liydrofluoric  acid  and 
its  salts,  as  well  as  small  quantities  of  certain  phos- 
])liates.  I^actic  acid  in  mjk*//  quoutitifs  also  has  a  favor- 
able vlVt'ct  upon  the  action  of  diastase. 

2.-PepU5e. 

Btsides  tlie  decomposition  of  starch  which  is  effected 
by  diastasL',  the  decoiniKisitiou  of  albnminoids  is  of  \\\\- 
liorlance  in  alcohol  and  yeast  manufacture.  The  purpose 
<if  the  albumen  contained  in  the  raw  vegetable  matter  is, 
in  fi'cnei'al,  to  provide  nutriment  for  the  growing  germ  or 
-seed,  or  to  act  as  the  basic  substance  for  the  fonnation  of 
enzymes,  hut  it  is  ada|)ted  fur  this  purpose  only  when 
it  has  been  made  diffusible.  Tlie  albumen  is  rendered  dif- 
fusible by  the  peptase,  and  finis  the  latter  jilays  an  im- 
jiortant  role  in  the  preiiaration  of  the  malt  and  in  the 
nourishing  of  tlie  yeast.  Malt  |)ei)tase  is  present  in  un- 
germinated  barley  in  veiy  minute  (|uanti1ies  only,  hut  dur- 
ing the  germinating  t)rocess  these  increa.se  substantially. 
The  enzyme  acts  ui)on  the  albumen  of  the  grain  in  differ- 
ent degrees,  according  to  the  temperature  and  the  quan- 
tities of  acid  present  in  the  solution.  At  a  Ifiw  temjiera- 
ture  the  decomposition  is  slow  but  widespread,  while  at 
higher  temperatures  it  is  more  rapid  but  less  comprehen- 
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sive.  Small  quantities  of  orgaoic  acid  liave  a'  favoralile 
effect  with  regard  to  the  masses  of  the  decomposed  alliu- 
men.  The  final  products  of  the  decomiiosition  are  suh- 
stances  which  resemble  the  amides.  According  to  Windisch 
and  Schellhorn,  the  enzyme  in  solution  tan  witii.stanil  tem- 
peratures up  to  140°  F.  and  is  destroyed  at  lOS'  K. 

Among  the  albumen-decomposing  enzymes,  yirast  pcp- 
tase  (endotrypsin)  is  of  great  importance.  It  introduws 
albumen  into  the  yeast  and  provides  nutriment  for  it.  It 
becomes  active  as  a  feeding  enzyme,  not  only  wlien  th»? 
yeast  receives  nourishment  from  external  sources,  but  also 
when  nutriment  from  an  outside  supply  is  not  available. 
In  the  latter  case  it  renders  tlie  reserve  albumen  di^''^*!'- 
blo  and  capable  of  utilizjition  by  the  yeast.  Tlnf  di-vfjo]!- 
iiicnt  may  iven  go  so  far  that  the  jieptasc  attacks  tlic  pin 
topla.-Jm  itself  of  the  cell,  and  tliertiby  cau?-c>:  (he  ilcstnn' 
lion  of  the  yeast.  The  action  of  the  enzyme  uprui  tin-  yc;i:%t 
is  apparent  in  the  changes  which  it  eiT<'(ts  in  tlic  cliaT;nt<i  ■ 
istics  of  the  same.  Floceular  yeast.s  lj<'i'nriif  powdery. 
Veasts  of  consistent  or  solid  form  biTom*-  soft,  ;i'''-oi<liiiir 
U>  Lange.  The  activity  of  the  eiizyutc  is  iiicrviisi'd  l>y  i;ji- 
ing  tlie  tempei'ature.  This  charactci  isli.'  is  utilized  iti 
)iiactii-e  in  tlie  treatment  of  saihnT'  yeast,  in  >";isl  i-nltiui', 
;ind  in  artificial  yeast  prepaiation.  The  p(-).tasf  f'yiilali'.- 
iuid  governs  the  well-lieing  of  tin-  y.-ast  cell.  Il  is  v.-ry 
I'losely  related  to  the  sugar-deco!ii|n)sing  i-n/.yu\i-,  zym;!.-", 

3,— Zymase. 

According  to  the  entirely  ii' w  viewpoiiil  |-ri->.'titi'd  ny 
*'.  IJuchner  after  his  recent  invcsli^atiims.  zymaM'  i.-  tin- 
•  lizyme  of  the  yeast  which  eiVci-ts  al.-ohnii.-  iVrriieiilaii'!!. 
It  was  discovered  by  IJncluicr  in  ]'^\»\.  \vli.-i]  )]i.  |,r.)iiii.i-.| 
il  I'C'lt-free  eo»i|ires.sed  yeast  liipior,  wliirli  <i-\  u\<  tVini.^n- 
tation  in  a  sugar  solution.     As  tlie  sufrar  was  ^plii   up 
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quantitatively  into  alcohol  and  carbonic  acid,  it  was  proven 
by  these  researches  of  Buchner  tliat  alcoholic  fermen- 
tation is  an  enzymotic  process.  If  mixed  with  an  equal 
volume  of  cane  sugar  solution,  expressed  yeast  liquor  sets 
up  a  regular  evolution  of  carbonic  acid,  within  one-quar- 
ter to  one  hour,  which  continues  for  days.  Solutions  of 
other  varieties  of  sugar  behave  in  a  similar  manner,  but 
no  phenomena  of  fermentation  appear  in  solutions' of  milk 
sugar  and  mannite.  The  characteristics  of  the  enzjine 
have  been  closely  studied  by  means  of  the  expressed  yeast 
liquor.  The  enzyme  is  very  sensitive  to  higher  tempera- 
tures. When  separated  from  the  cell  it  soon  becomes  in- 
active, even  at  tlie  ordinary  teinperature  of  the  room. 
Cooling  by  means  of  ice  or  other  refrigeration  is  there- 
fore employed  in  its  preparation.  In  the  cell  itself  it  is 
ca])able  of  withstanding  temperatures  considerably  higher 
than  in  the  expressed  liquor.  Even  under  gradual  with- 
drawal of  moisture  from  the  yeast  in  a  vacuum,  together 
with  the  application  of  heat  (233°  F.)  for  several  hours  in 
n  current  of  hydrogen,  the  enzyme,  according  to  Buchner, 
still  retains  its  fermentative  etficacy.  In  a  sugar  solution, 
even  at  a  warm  temperature,  it  remains  active  for  a  con- 
siderable period.  In  highly  concentrated  sugar  solutions 
the  fermentative  power  is  uuproportionately  stronger  than 
in  dilute  solutions. 

Wlien  expressed  yeast  liquor  is  allowed  to  stand  for 
some  time,  an  albuminous  turbidity  soon  manifests  itself 
witliout  the  appearance,  however,  of  microscopic  organ- 
isms. Its  fermenting  power  is  not  destroyed  by  filtering 
through  diatomaceous  earth,  which  retains  the  yeast  cells 
present  in  solution.  If  a  tube  of  parchment  paper  be  sus- 
jK-nded  in  a  37  per  cent  solution  of  cane  sugar,  the  surface 
of  the  tulw?  becomes  covered  with  innumerable  minute  bub- 
bles of  gas  within  a  few  hours,  while  a  strong  evolution 
of  gas  is  evident  in  the  interior  of  the  tube.    It  would  seem 
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zymase  is  separated  by  the  living  yeast  cells.  The  ex- 
pressed litiuor  from  grain  yeast  probably  contains  a  pep- 
tic enzyme  which  has  rendered  the  zymase  ineffective; 
the  living  residues  of  the  plasma  of  the  yeast  cells  do  not 
induce  fennentation,  as  the  fennentative  effect  is  not  de- 
stroyed by  chloroform,  benzol,  or  by  other  antiseptics. 
Vigorous  fermentation  has  been  set  up  with  pure  unin- 
jured yeast  carefully  dried  in  air  and  heated  to  212°  F., 
though  yeast  heated  to  from  28-4''  to  293°  F.  was  destroyed 
at  these  temperatures. 


PART   III. 

THE   PRODUCTS  OF  FERMENTATION. 

IN  jmre  feniientation  sugar,  t'„H,.(),.„  is  theoretically 
split  uj)  into  alcohol  and  carbonic  acid,  according  to 
tiie  formula : 

C«H„0.  =  -200=  +  2C.H«0. 

BuKir        CarboDlc  acid    Bihrl  alcrbnl 

But  the  depom position  of  sugar  by  means  of  tlio  yeaxt 
is  not  as  sniootli  a  process  as  tliis,  for  llnoc  is  always 
foiiiR'd  a  nnnil>er  of  by-products  wliirh  ili  cicasi-  the 
aiimuut  of  alcohol  recovered.  The  quantity  of  IIji-s.-  by- 
products may  be  regarded  as  reprcscntiiit?  from  4  to  li  per 
ivnt  of  the  sugar. 

I. -Alcohol  (Spirit  of  Wlnej. 

Tlio  chief  product  of  Icrnienlatinii  is  ctbyl  alcolml  nv 
spirit  of  wine;  100  parts  of  suj^ar  (dextrose)  winiM  yield 
.'il.U  parts  of  alcf.hol  and  4S.SIi  parts  of  .-arloiiir  a.'i'd  l.y 
absohite  d('eoni]H)sition.  However,  in  piartii-e.  a>  saiil 
tiefure,  the  aleoliol  yield  is  never  as  hi^di  as  this,  foi-  a 
ctTtain  jnciportion  of  the  .sugar  is  otin-rwise  a<t<'c|  upon  l>y 
the  yeast,  and  is  converted  into  other  suhsliHu-cs  hy  t'ei- 
itientation.  Pure  anhydrous  alcohnl,  ■■ali><i[ute"  liliiilml. 
iiinsists  of  carbon  b'2.i2  per  cent,  liydrofi*'ii  i;i.l4  jiei-  i-i-nl, 
and  iixygon  ;i4.74  per  cent.  Its  coiislitutiMii  in  .il'iini'- 
K-eiglits  is  ( ',  =  L'4,  IL,  ^  (i.  and  ( )  --  HI. 

Spirit  Indongs  to  the  group  tjf  h(iiiiohiL''iiis  bodir-  Ir. 
whirli  the  generic  tenn  of  aleoh.il  is  applii'd.  'I'lu'  tii>t  in 
this  series  is  methyl,  or  wood  ah-olml.  'I'h'-  rirxl,  ihi-  aim 
liol  here  in  question,  is  ethyl  alcohol.  Then  ioHuw  in  uidn-. 
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propyl  alcohol,  butyl  alcohol,  etc.  By  oxidation  these  alco- 
hols are  converted  into  the  corresponding  acids  as,  for  in- 
stance, formic  acid  from  methyl  alcohol,  acetic  acid  from 
ethyl  alcohol,  propionic  acid  from  propyl  alcohol,  etc. 

Ethyl  alcohol  is  a  thin,  mobile,  inSammable,  and  strong- 
ly refractive  liquid  without  specific  taste  or  odor,  and  it 
can  be  mixed  with  water  in  any  desired  proportion.  In 
mixing  alcohol  with  water  a  contraction  takes  place,  so  that 
50  parts  of  alcohol  mingled  with  50  parts  of  water  yield, 
not  100,  but  96.4  parts  of  diluted  alcohol.  In  consequence 
of  this  contraction,  heat  is  evolved  during  the  mingling  of 
the  alcohol  and  the  water.  Absolute  alcohol  possesses 
strong  attraction  for  water,  and  retains  it  tenaciously  in 
solution.  The  specific  weight  of  absolute  alcohol  at  15° 
C.  or  59°  F.  is  0,794,  and  its  boiling  point  is  78.4°  C.  or 
173°  F. 

As  the  boiling  point  of  water  is  100°  C.  or  212°  F.  the 
determination  of  the  boiling  point  of  an  alcoholic  fluid 
affords  a  means  for  ascertaining  the  quantity  of  alcohol 
contained  in  it.  Furthennore,  between  its  freezing  point 
and  its  boiling  point,  alcohol  expands  0.0936  of  its  volume, 
while  the  co-efficient  of  expansion  of  water  between  the 
same  degrees  is  0.0278;  the  expansion  of  alcohol  is  thus 
3  1/3  times  greater  tlian  tliat  of  water.  This  fact  is  made 
the  basis  of  a  method  of  alcobolometry  in  which  the  varia- 
tion in  heiglit  of  a  column  of  mercury  subjected  to  the 
pressure  of  alcohol  vapor  and  of  water  vapor  is  made  a 
measure  of  the  quantity  of  alcohol  contained  in  a  fluid,  the 
differences  in  the  tensions  being  observable.  If  alcohol 
be  mixed  with  snow  in  the  proportion  of  2  to  1,  the  tem- 
perature of  tlie  mixture  falls  to  — 5.8°  F. 

Mixtures  of  alcohol  and  water  liave  higher  specific  grav- 
ities than  absolute  alcohol,  and  a  definite  specific  gravity 
corresponds  to  each  mixture,  so  tliat  it  is  possible  to  de- 
termine the  proportionate  alcohol  content  of  each  mixture 
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with  a  flame  only  slightly  luminous  and  without  giving- 
off  soot.  The  heating  value  of  absolute  alcohol  lies  be- 
tween 13,310  B.T.U.  and  11,664  B.T.U.;  its  utilization 
for  teclmical  purjioses  in  motors,  illuminating  devices,  etc., 
is  due  to  its  high  heating  value.  Absolute  alcohol  is  an 
active  poison;  moderately  taken  in  a  dilute  condition  it  is 
adapted  to  replace  sugar  as  a  nutritive  substance,  and  has 
a  stimulant  effect,  at  least  temporarily,  upon  the  human 
system. 

II Carbontc  Acid  (Carboo  Dioxide;. 

In  fermentation  the  product  of  greatest  importance 
after  alcohol  is  carbonic  acid,  a  gas  of  peculiar,  weakly 
aci<l  taste,  heavier  than  atmospheric  air,  and  with  a 
specific  gravity  of  1,833  at  a  temperature  of  59°  F.  and  a 
pressure  of  7(i(J  millimeters  (29.9  inches) ;  1  cubic  foot  of 
carbonic  acid  weighs  1.95  ounces.  Because  of  its  high 
specific  gravity  carbonic  acid  is  apt  to  gatlier  in  the  lower 
portions  of  fermenting  houses,  and  if  the  ventilation  in 
these  is  insufficient,  is  liable  to  affect  animal  organisms 
]iois(>nously.  It  does  not  support  comhustion  and  is,  in 
i'iict,  capable  of  extinguishing  burning  material.  It  is 
possible  to  detect  dsnigevous  quantities  of  carbonic  acid  in 
Ceniienting  houses  by  the  behavior  of  lamps  and  other 
lights,  wliicli  are  jtut  out  by  the  gas. 

Ill The  By-products  of  FermeuUtlon. 

The  hy-in(iducts  of  t'onnentatiou  arc  fusel  oils  (primarily 
:iiiiyl  alcohol,  C",-,ll,.jO)  as  well  as  several  isomeric  and 
homologous  alcohols  and  Ihciv  ethers.  The  fusel  oils  are 
ini-\turcs  of  ah-oiiols  boiling  at  higher  temperatures  than 
et'iyl  alcohol,  and  their  comjtositions  vary  with  the  raw 
irratei  ials  used  in  the  jtvodiiction  of  the  alcohol.  Thus,  for 
instance,  wine  fusel  oil  contains  normal  propyl  alcohol, 
0:,11.0,  while  nonnal  butyl  alcohol,  CjH„,0,  arises  from 
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the  glycerine  fonned  during  fermentation  in  the  presence 
of  calcium  carbonate.  Fusel  oil,  amyl  alcohol  being  espe- 
cially understood  under  this  generic  name,  is  produced  not 
only  through  the  fermentation  effected  by  alcoholic  yeast, 
but  also  by  bacterial  femientation.  Although  the  forma- 
tion of  fusel  oil  is  not  yet  thoroughly  understood,  it  may 
nevertheless  be  assumed  that  a  pure,  well-nourished,  and 
active  yeast  produces  less  fusel  oil  thdn  a  weaker  one,  and 
that  less  of  the  substance  appears  at  the  beginning  than 
nuar  the  end  of  the  action.  There  are  also  ether-forming 
yeasts.  The  kind  and  number  of  the  by-products  depend 
uiion  the  variety  of  the  yeast  used. 

In  addition  to  the  fusel  oils,  succinic  acid  and  glycerine 
Hie  regular  by*products,  constituting  together  about  4  per 
ifut  of  tlie  decomposed  sugar.  The  theories  conceniing 
llit'ir  production  were,  until  lately,  rather  vague.  After 
liui'lnier,  however,  had  proven  tliat  tiiese  by-jiroducts  ap- 
|ie!ired  even  in  non-cellular  fermentation,  there  could  be 
little  doulit  tliat  pnzyniotie  action  gave  rise  to  tliern.  I'cr- 
lia|)S  the  fonnation  of  glycerine  can  be  attributed  to  a 
lijiiise,  and  that  of  succinic  acid  to  an  oxydase. 

The  aldehyde  and  acetic  acid  which  arc  sonieliiries  |nes- 
(■:il  in  the  mash  could  also  be  fonned  by  tlie  yeast,  hut 
they  are  usually  due  to  secondar\'  decompositions  of  \\n- 
alcohol  already  formed.  The  presence  of  lliesc  sulisliiincs 
is.  therefore,  detrimental  to  the  alcohol  prixhu-tion.  Alde- 
hyde is  a  colorless,  verj-  mobile  lii|uid  with  a  sun'ni';itin<r 
<«lor.  and  Is  fonned  by  the  oxidation  of  ethyl  alcolmi.  It 
is  fuund  chiefly  in  alcohol  obtained  from  siigai^  lnH'ts,  and 
at  higher  temperatures  is  miscible  with  alcohol  and  water, 
and  is  soluble  in  ether  in  all  pro}>or(ions.  It  is  readily 
combustible  and  has  a  specific  gravity  of  U.S.  15y  fmtluT 
oxidation  of  the  alcohol,  acetic  acid  is  formed.  This  may 
also  ]ye  obtained  in  tlie  destructive  distillation  of  wood. 
from  the  waterj-  fluid  or  wood-tar  liquor  jiroduced. 


PART   IV. 

FARINACEOUS   RAW   MATERIALS  IN  SPIRIT  MANUPACTURB. 

I. -THE  POTATO. 

1 Tbe  ConpoalUon  ami  Qualttles  of  Potatoes. 

THE  potato  (Solanum  tuberosum)  was  originally 
found  in  Chili,  Peru,  and  Mexico;  it  was  intro- 
duced into  Europe  in  the  sixteenth  century, 
tlioiigli  at  first  only  as  a  luxury.  Since  the  beginning  of 
the  eighteenth  century,  it  has  become  an  important  and 
popular  article  of  food;  but  it  was  not  used  in  the  in- 
dustry of  distillation  until  the  latter  part  of  the  same  cen- 
tuiy.  It  is  remarkably  well  adapted  for  this  purpose  aa, 
with  the  exception  of  water,  starch  is  its  main  constituent. 
The  yield  of  potatoes,  as  well  as  the  quantity  of  starch 
contained  in  them,  depends  largely  on  the  soil  in  which 
they  are  grown  and  on  the  meteorological  conditions  dur- 
ing their  growth.  Clayey  sand,  or  sandy  clay,  in  dry,  ele- 
vated localities  seems  best  adapted  to  profitable  potato 
culture.  t)ver  one  thousand  varieties  of  potatoes  are  at 
present  known;  tliese  are  divided  into  early  and  late 
jtotatoes,  according  to  the  season  of  tlie  year  in  which  they 
ripen.  Certain  kinds  thrive  best  under  definite  climatic 
and  soil  conditions,  and  it  is  largely  a  matter  of  trial  to 
ascertain  the  variety  best  suited  to  a  particular  locality. 
AVitliin  recent  years  potatoes  have  been  greatly  improved, 
and  experiments  to  produce  vigorous  potatoes  from  seed 
liave  met  with  fair  success,  the  varieties  produced  show- 
ing not  only  great  power  of  resisting  disease,  but  being 
also  distinguished  by  a  high  percentage  of  starch. 
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granules  varying  widely  in  size  and  form.  The  fluid  con- 
sists of  a  solutimi  of  albumen,  sugar,  and  mineral  and 
organic  substances. 

By  boiling,  heating,  or  steaming  potatoes  the  starch  em- 
hedded  in  the  cell  juice  undergoes  a  change.  The  granules 
absorb  all  the  fluid  by  wliieh  they  are  surrounded,  increase 
in  size,  and  finally  fill  u])  the  entire  cell  space.  They  then 
appear  as  a  tougli  senii-transiiarent  mass,  and  the  starch 


is  said  to  have  gflaliiiized.  It  is  in  this  state  that  the 
t'enitcnt  of  the  malt,  tlie  (lia.«tase.  can  most  energetically 
c'xeit  its  sacfharizing  action  ujioii  the  starch.  Often,  po- 
tatoes which  are  rich  in  starch  do  not  contain  sufficient 
water  for  ]iro|)ei'  geialiuization,  and  the  distiller  must, 
therefore,  exercise  great  care  in  diawing  olf  the  amniotic 
or  fruit  water  during  tiie  steaming  process. 

Besides  starch  the  potato  contains  woody  fibers,  a  little 
fat,  and  on  an  average  about  1.070  jier  cent  of  mineral 
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soda  aolution  necessary  to  neutralize  '20  cubic  eentiinetera 
of  filtered  mash.  The  juioe  of  rotted  potatoes  is  more 
strongly  acid  than  that  of  the  nonnal  tuber. 

2.— Phenomena  During  the  Storage  of  Potatoes. 

During  storage  potatoes  should  increase  in  starch  con- 
tent; tliis  increase  is,  however,  only  an  apparent  gain  in 
the  ])eret'ntage  of  starch,  and  is  due  to  the  loss  of  water. 
During  protracted  storage  there  is  a  loss  in  starch,  as  a 
])art  of  tlie  latter  is  liquefied  and  consumed  by  enzymes. 
According  to  the  investigations  of  Miiller-Tlmrgaus,  three 
processes  take  place  simultaneously  in  the  potato:  Loss 
of  water  through  eva|>oration,  conversion  of  starch  into 
sugar  by  the  action  of  diastatie  enzymes,  and  destruction 
of  tlie  sugar  through  res])iration,  accompanied  by  the  evo- 
lution of  carbonic  acid.  The  first  and  last  processes  cause 
losses;  the  remaining  one  does  not.  If  the  three  proc- 
esses balance,  the  proportional  starch  content  is  the  same 
before  and  after  storage.  Tf  the  evaporation  exceeds,  the 
percentage  of  starch  increases;  if  the  respiration  jirepon- 
derates,  it  decreases.  Absolute  losses  always  take  place.  As 
respiration  is  less  at  decreasing  temperatures  and  prac- 
tically ceases  at  ^^2"  F.,  the  losses  are  corresj»ondingly  less 
the  nearer  the  storage  temperature  api»roaehes  the  latter 
point.  The  diastatie  action,  however,  is  affected  very 
little  by  low  temperatures.  If  the  tem]ierature  falls  below 
■JM"  K.,  the  potato  freezes.  Frosted  ))otatoea  acquire  a 
.>;w('cl  taste,  due  (o  the  fonnatiou  of  sugar  caused  by  the 
interruption  or  checking  of  the  respii'atory  process,  while 
the  conversion  of  the  starch  into  sugar  continues.  In  stor- 
ing potatoes  in  a  falling  temperature  there  are  three  jiossi- 
bilities:  If  the  temperature  falls  sl()\vly  to  :)'2°  F.,  the 
sugar  formation  continues,  tlie  res]iiration  decreases,  and 
the  lul)er  becomes  sweet.  If  the  temperature  falls  below 
28°,  the  potatoes  freeze  and  remain  sweet.    If  the  tempera- 
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tme  falls  rapidly  below  28°,  tbe  potatoes  freeze  but  do 
not  become  sweet,  as  there  was  not  sufficient  time  to  per- 
mit tbe  fonuatiou  of  sugar. 

It  should  he  a  rule  in  storing  potatoes  to  maintain  the 
temjierature  at  such  a  point  that  respiration  and  sugar 
I'onversion  counterbalance ;  this  is  usually  the  case  at  tcni- 
l«ratures  between  40°  and  50°  F.  The  temperature  should 
under  do  circumstances  be  permitted  to  fall  below  the 
freezing  i>oint,  32°  F. 

During  germination  the  potato  loses  a  considerable  ]iro- 
[■ortion  of  its  starch,  the  loss  varying  between  3.1H  and 
!i.l^8  per  cent  with  genn  lengths  of  O.-t  to  0.8  inch  and 
l.ii  to  2.6  inches  respectively. 

Serious  losses  in  the  potato  are  also  occasioned  by 
<li.seiises  which  cause  the  tuber  to  become  soft  and  par- 
liully  rotten.  Wet-rotted  iiotatoes  lose  a  jiortion  itf  tlie 
soft,  starchy  mass  during  washing.  They  are  steamed 
with  greater  difficulty  than  healthy  tubers,  and  are  often 
the  cause  of  imi)ure  fennentation. 

Potato  diseases  and  rot  are  due  to  certain  funf^ri.  Ac- 
i-ordiiig  to  the  characterization  of  B.  Frank,  the  principal 
iif  these  include: 

I'liift'Jiihfhoia  rot,  which  attacks  the  vine  ijarticularly 
and  does  not  affect  the  tuber  and  tbe  starch. 

lihizoctouia  lot  (.lulius  Kuhn),  which  attacks  tlic  lubcis 
iMid  rlestroys  the  starch. 

Tiie  rot  caused  by  FiLvriiim  Stiliiiii  ( Webiiici'),  wJiicli 
<»-curs  when  the  vegetable  is  in  licks  <iv  bins,  aiid  is  iii- 
iiocunus  as  far  as  tbe  starch  is  concerned. 

Xrtii'itoid  or  wonn  rot.  caused  by  inimical  aiiiiual  ur- 
;;anisms.  and  harmless  with  regard  to  the  starch. 

Scale  or  scurf  upon  the  skin  of  the  tubi-r:  llic  cause 
Itf  this  lias  not  yet  boen  detcniiincd  with  ccctaiiity. 

Lai'k  of  durability  in  a  potato  can  alsti  be  asci'ibcd  in 
tlie  disintegrating  action  of  enzymci^.    The  luiiu;iis  iliscasi' 
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is  only  a  secondary  occurrence  called  forth  by  the  de- 
structive activity  of  the  fennents.  Abnormal  conditions 
of  light  increase  this  activit)\  Especially,  however,  is  it 
due  to  the  influence  of  the  temperature;  the  ''hotness'* 
of  the  vegetable  is  the  cause  of  the  fungus  growth. 

The  si)ecific  gravity  of  the  potato  varies  according  to 
its  starch  percentage,  between  1.08  and  1.15;  potatoes  rich 
in  starch  have  a  higher  specific  gravity  and  a  greater 
proportion  of  diy  substances  than  less  starchy  tubei's. 
Hence  it  is  possible  to  estimate  the  i^ercentage  of  starch 
in  a  potato  by  means  of  its  si)ecific  gravity.  The  smaller 
the  quantity  of  the  other  drj^  substances — albumen,  vege- 
table fiber,  and  so  forth — the  more  accurate  will  be  the 
determination  of  the  starch  content  by  means  of  the 
sj)ecific  gravity.  The  quantity  of  these  substances  varies 
but  little,  according  to  past  investigations,  principally  by 
Behreud  and  Maercker,  the  mean  being  about  5.75  per 
cent.  Thus,  a  higher  content  of  dry  substance  in  a  potato 
indicates  a  larger  starch  percentage.  As  the  quantity'  of 
starch  is,  however,  not  entirely  constant,  results  may  be 
obtained  with  this  method  which  are  not  quite  accurate; 
some  of  them  may  be  2  per  cent  out,  one  way  or  the  other. 
As  the  carrying  out  of  this  method  is  simple  and  requires 
hut  little  time,  it  is  largely  used  in  practice,  notwith- 
standing the  possibility  of  small  errors  in  the  results. 

3.— The  Investigation  of  the  Potato  with  Regard  to  Starch. 

The  device  most  commonly  employed  for  this  purpose 
is  the  Keimann  potato  scale  illustrated  in  Fig.  5.  The 
determination  of  the  specific  gravity  of  a  substance  is 
based  upon  the  fact  that  a  body  when  weighed  in  a  fluid 
loses  in  weight  an  equivalent  to  the  weight  of  the  mass 
of  liquid  disjilaced  by  the  body.  As  the  metric  system  of 
weights  is  based  upon  the  weight  of  a  determined  volume 
of  pure  water — 1  cubic  centimeter  of  water  weighing  1 


54  industbiaij    aixohol 

llie  specific  gravity  is  obtained  as  the  result;  thus 
100(1-^875=1.143. 

The  Reiinann  apparatus  is  a  decimal  scale,  and  carries 
at  its  shorter  ann  two  baskets  of  wire  netting  arranged 
one  above  the  other,  the  lower  one  dipping  into  a  vessel 
tilled  with  water.  Exactly  5  kilogrammes  (11.02  jiounds) 
of  carefully-cleaned  potatoes  are  weighed  off  in  the  upper 
basket,  and  are  then  transferred  to  the  lower  one,  where 
their  loss  in  weight,  equivalent  to  the  water  displaced, 
ciin  be  determined.  The  accompanying  table  gives  tlie 
weights  under  water  for  the  stated  test  weight  of  potatoes, 
with  the  corresponding  sijecific  gravities  and  percent- 
ages of  dry  substances  and  starch  respectively. 

In  using  the  Reiniann  scale  the  following  precautions 
should  be  observed: 

1 .  The  test  sample  to  be  taken  from  the  mass  of 
potatoes  must  be  carefully  chosen,  as  differences  in  the 
tubcts  often  occur  even  in  i)otatoes  of  the  same  kind, 
gatliercd  during  the  same  han'est. 

The  potatoes  must  be  carefully  cleaned  and  then  dried. 
The  latter  operation  is  best  accomplished  hy  nibbing  tliem 
with  a  cloth,  Diying  the  potatoes  by  spreading  them 
nut  in  a  wann  jilace,  for  instance,  on  tlie  boiler  or  the 
distilling  ajiitaratus,  is  liable  to  cause  an  error  in  tlie 
determination  of  the  starch  content.  The  potatoes  may 
be  weighed  while  moist,  but  in  this  case  -  jier  cent  must 
be  deducted  from  the  resulting  starch  percentage. 

'2.  The  water  used  in  tlie  weighing  must  be  pure  and 
at  the  tem])crature  of  the  room,  about  i^llJ)"  V. 

3.  The  lower  basket  must  l)e  dip]H'd  into  the  water  he- 
fore  weighing  the  potatoes,  and  after  tlto  weighing  nmst 
dip  into  the  water  to  tlte  same  deptli  as  t)eforo.  Further- 
more, in  weighing,  none  of  the  potatoes  sliould  project 
above  the  surface  of  the  liquid. 

4.  This  method  is  not  reliable  for  wet-rotted,  diseased. 
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TABLE  FOR   THE    DETERHUJATION   OF    THR   STABCH    CONTENT  OF  POTATOES 

BY  MEANS  OF  THE  SPECIFIC  GRAVITY  (ACCOEDING  TO  BEHBEND. 

HAERCKKR  ASli  MORGEN.) 
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unripe,  shrunken,  Ptioiigiyscniiin.'ilcd,  or 
normal  potatoes.     The  deteiiiiiiictl  s|)ci-iHf 
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too  low  in  these  caaes.  Frosted  potatoes,  even  if  thawed 
out,  give  results  1  jier  cent  too  high  with  the  Reimann 
apparatus,  according  to  Saare.  Allowance  must  conse- 
ijuently  be  made  for  suoh  errors  in  the  final  results. 

5.  The  exact  test  weight  of  5  grammes  may  be  made 
up  by  using  slices  or  fragments  of  a  potato;  but  the 
submerging  of  floating  potatoes  by  placing  heavier  ones 
upon  them  is  not  allowable,  as  such  tioating  tubers  eon- 
tain  cavities  or  spaces  which  render  them  buoyant,  and 
they  should,  consequently,  be  cut  up  into  smaller  pieces. 

It  is  advantageous  to  determine  frequently  the  specific 
giavity  of  potatoes  used  in  the  distillery.  Slight  errors 
in  testing  are  often  counterbalanced  in  this  manner,  and 
average  results  which  give  reliable  values  regarding  the 
starch  content  of  the  material  to  be  worked,  are  tlius 
obtained.  When  used  in  accordance  with  the  rules  stated, 
the  Keinianii  apparatus  will  be  found  to  be  of  the  greatest 
value  in  evcry-day  practice  in  the  distilling  plant. 

In  order  to  determine  the  starch  content  of  potatoes  in- 
directly by  means  of  a  saturated,  common  salt  solution, 
the  following  method  may  be  employed,  according  to 
Kro<rker:  Fill  a  vessel  with  pure  water,  and  add  thirty- 
five  or  forty  carefully-cleaned  jiotatocs  to  the  water.  Pre- 
pare a  salt  solution,  using  1  part  of  common  salt  to  3 
parts  of  water,  and  filter  it.  I'our  this  into  the  vessel 
containing  the  water  and  jiotatoes,  and  continue  to  add 
the  solution  until  the  potatoes,  originally  on  the  bottom  of 
the  vessel,  remain  suspended  in  any  desired  portion  of 
the  fluid.  The  specific  gravity  of  the  mixture  of  water 
and  salt  solution  is  now  determined  by  means  of  a  hy- 
drometer, and  the  corresi^nding  content  of  dry  substance 
and  starch  in  the  potatoes  will  lie  found  from  the  table 
given  herewith.  This  metliod  is  inaccurate,  and  it  is 
not  advisable  to  em]iloy  it  except  in  an  emergency.  The 
results  are  approximate  enough  to  answer  in  such  cases. 
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loss  iu  moisture,  from  which  the  percentage  of  dry  sub- 
stance can  be  determined. 

5.— Dry  Potatoes. 

In  order  to  provide  a  wider  utilization  of  the  potato,  it 
has  recently  been  converted  on  a  large  scale  into  a  dry 
substance,  by  mechanical  means,  and  it  thus  provides  a 
durable  material  for  various  purposes,  such  as  fodder  for 
cattle  and  raw  material  in  certain  industries,  especially 
as  a  substitute?  for  corn  in  yeast  manufacture.  The  diy 
l)otato  is  excellently  adapted  for  the  purposes  of  yeast 
manufacture  by  reason  of  the  high  percentage  of  nitrogen 
(according  to  Hayduck)  that  it  contains.  It  is  even 
superior  to  corn  in  this  regard.  In  fact,  the  experiments 
which  liave  been  made  in  practice,  following  Lange's 
recommendations,  have  proven  this  to  be  the  case.  The 
yield  of  yeast  was  from  2  to  3  i)er  cent  higher  than  in 
the  operation  with  corn,  and  furthermore,  the  quality  of 
the  yeast  with  regard  to  color  and  germinating  power 
was  far  better  than  that  of  corn  yeast.  The  alcohol  vield 
is  about  the  same  with  both  yeasts,  but  the  qualitj^  of  the 
resulting  spirit  is  probably  sui)erior  when  potato  yeast  is 
oini)loyed. 

The  samjiles  tested  by  the  Institution  of  Corn  Distillers 
and  (^ompresscd  Yeast  ^Tanufacturers,  in  Gennany,  gave 
the  following  results: 

100  PARTS  OF  DRY  POTATOES. 
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Non-nitrogenous  extractive  sub- 
stances   
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78.08 
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II.— BARLEY. 

The  composition  of  barley  is  as  follows : 

E.  V.  Wolff.  Dietrich  and  Konig. 

Minimum.    Maximum.    Average. 

Moisture     14.3  7.23  20.88  13.77 

Nitrogenous    substance..  10.0  6.20  17.46  11.14 

Fat     2.5  1.03  4.87  2.16 

Non-nitrogenous    extract- 
ive   substances 63.9  49.11  72.20  64.93 

Woody  fibers 7.1  1.96  14.16  5.31 

Asli    2.2  0.60  d.82  2.69 

Xinety  or  95  per  cent  of  the  non-nitrogenous  extractive 
substances  of  barley  is  starch,  so  that  the  starch  content 
of  the  grain  may  be  considered  to  constitute  (K)  to  (52  per 
cent  ol  tiie  whole.  Small  or  conmiou  barley,  however, 
(l(x?s  not  contain  more  than  57  to  58  per  cent  of  starch. 
The  weight  of  barley  per  bushel  is,  low  4(5  pounds, 
average  52,  and  high  b(}. 

There  is  a  number  of  varieties  of  barlev:  of  these  the 
conmionest  are : 

Hfjrcleum  (H'<tichiim,  a  large  barley  cultivat(Ml  as  a 
.<l>ring  grain.  It  contains  a  high  percentage  oi'  starch  and 
little  gluten. 

Ilfjrdcum    rulgdrc,   the   small   or   common    l)arley.     A 

winter  varietv  of  this  barlev  is  known  as  ix^arl  harlcv.    It 

••  •  *  » 

is  lich  in  nitrogenous  organic*  comhinations,  and  is  suit- 
able for  the  prei)aration  of  bread-stuffs  and  foi*  similar 
]air]»oses,  but  because  of  its  high  gluteal  cont(*nt  is  hardly 
to  be  recommended  for  distilling  purposes. 

Ilordeum  hexntkhnm,  or  stock  barley,  generally  grown 
as  a  spring  grain,  though  to-day  a  variety  c'alhnl  mani- 
inofli  barlev  is  sown  in  the  fall.  Stock  bailcv  is  seldom 
used  for  distilling  puri)oses. 

Ilordeum  tnfurcaium,  known  as  square  barley  and 
naked  or  spoon  barley.    This  grain  is  not  beardcMl,  and  as 
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it  readily  becomes  too  soft  in  steeping,  it  is  not  adapted 
for  malting. 

Hordeum  distichum  and  Hordeum  vulgare  are  mainly 
used  for  malt  to  saccharize  raw  materials. 

ill—RYB. 

The  average  composition  of  rye  (Secale  cereale)  is  as 
follows : 

MoUture    14.3 

Raw    protein 11.0 

Fat    ■. 2.0 

Non-altrogenouB  extractive  Bnbatances 67.4 

Woody  fibers 3.6 

Mineral    Bubstances * 1.8 

According  to  the  analyses  of  Delbriick,  the  compositions 
of  different  varieties  of  rye  are  as  follows : 

Water.  Starch.  Protein.  Ash. 
Hye  from  middle  Mecklenburg. . , .  15.2  61.1  7.3  1.82 
Hye  from  northern  Mecklenburg..     16.5        62.1        7.7        1.85 

Rye  from  southern  Hussla 14,1        59.0      12.0        1.35     , 

Rye  from  Canada 14.4        61.6        8.5        1.77 

The  starch  content  of  rye  varies  between  59  and  62,1 
jier  cent,  though  infrequently  the  percentage  is  somewhat 
Iiigher.  Rye  contains  about  0.95  per  cent  of  sugar  and 
4.86  per  cent  of  gum  and  dextrin.  The  starch  is  similar 
to  that  of  barley  and  wheat,  but  it  cannot  be  isolated 
pure  without  great  difficulty.  The  albuminous  sub- 
stances, according  to  Ritthausen,  comprise  gluten-casein, 
albumen,  and  mucedin.  The  same  investigator  demon- 
strated that  if  rye  flour  be  mixed  with  a  large  quantity 
of  water  containing  V.  per  cent  of  iMjtassium  hydroxide 
at  ordinan.'  temperature,  considerable  butyric  acid  is  rap- 
idly formed.  Rye  which  is  rich  in  albumen  is  particularly 
well  adapted  for  the  purposes  of  compressed  yeast  manu- 
facture. To  render  the  albumen  digestible  for  the  yeast, 
the  rye  is  slightly  malted  for  two  or  tliree  days,  or  is 
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doni  reaches  its  normal  water  content  before  six  months 
or  more  have  elapsed. 

A  microscopic  examination  generally  shows  the  starch 
granules  of  corn  to  be  simple  and  polyhedral  or  round  in 
form.  The  first  form  alone  appears  in  the  external  homy 
))art  of  the  grain,  but  botli  occur  in  the  interior.  The 
separate  granules  j)ossess  considerable  densitj',  are  closely 
aggregated,  and  are  considerably  smaller  than  those  of 
barley,  and  it  is  for  these  reasons  that  the  gelatinization 
of  the  starch  of  corn  is  difficult  to  effect.  The  corn  fat 
is  reddish  in  color  and  frequently  may  he  observed  on  the 
surface  of  mashes,  where  it  can  he  diffused  by  boiling. 
The  content  of  sugar  and  de.\trin  in  com  is  as  high  as 
11.5  ])er  cent  and  4.8  per  cent  respectively.  The  protein 
substances  in  corn  vary  in  composition,  and  usually  pos- 
sess different  properties  and  characteristics  from  those 
found  in  other  grain.  The  principal  substances  of  these 
])roteins  of  com  are  corn  fibrin  and  conglutin. 

During  transjiortation  corn  is  often  damaged  by  under- 
going excessive  heating,  and  grain  so  affected  is  usually 
veiy  di-J'.  In  manufacturing  processes  where  the  quality 
of  the  spirit  is  of  secondary  importance,  such  corn  can 
be  used  to  advantage  from  an  economical  standpoint. 
Some  experts  maintain  that  European  corn  from  the  reg- 
ions of  the  Danube  is  more  easily  worked  than  the  Amer- 
ican grain,  and  that  the  fonner  gives  thinner,  sweeter 
mashes  containing  less  spent  malt  and  fenuenting  more 
easily.  In  practice  it  has  l>een  found,  however,  that  the 
(juestion  of  tlie  locality'  in  which  the  com  is  grown  is  of 
loss  importance  tlian  the  (]uality  of  the  grain. 

The  determination  of  the  starch  content  of  corn  cannot 
he  accomplished  by  means  of  its  s}>ccific  gravity  as  in 
the  case  of  potatoes,  but  requires  a  difficult  chemical 
analysis,  which  can  he  perfomied  only  by  an  e,\pert 
chemist.       The     reader     is     recoinuiended     to     consult 
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some  good  analytical  industrial  chemistry  for  the  method 
of  corn-starch  determination. 

v.— OATS. 

Oats,  Aveua  sativa,  aie  largely  used  in  the  distillation 
iudustiies  for  the  preparation  of  malt,  and  furthermore, 
iu  the  manufacture  of  yeast,  as  a  substitute  for  barley.  Oat 
staicli,  which  constitutes  42  to  46  per  cent  of  the  wliole, 
is  materially  different  from  that  of  other  varieties  of 
giain,  the  cells  of  the  endosi)enn  of  oats  containing  truly 
compound  granults,  and  other  granules  composed  of  large 
numbers  ol  aggregated  partial  granules,  both  being  oi* 
ix)lyhedral  form.  It  has  on  an  average  the  following 
composition,  according  to  Dietrich  and  Konig: 

Water     12.:;7 

Albumen    10.41 

Fat    5.2:; 

Non-nitrogenous  extractive  substances 57.78 

Fibers    W.VJ 

Ash   3.02 

VI.— WHEAT. 

it  is  well  established  that  wheat  vields  a  malt  wliicli  \>- 
easilv  as  lich  in  diastase  as  that  from  baih^v.  It  is,  how- 
tver,  seldom  used  because  of  its  high  (M)st.  Besides  non- 
nitrogenous  extractive  substances — sugar,  giiiii,  an<l  dex- 
tiiu — wheat  contains  50  to  7i)  per  cent  of  starch,  7  to  lil 
I)er  cent  of  albuminous  substances,  and  1  to  4  per  cent 
of  fat.  According  to  Kitthausen,  the  nitrogenous  sub- 
stances of  wheat  include  albumen,  gluten-fibrin,  <^liadiii, 
and  mucedin,  the  last  thrc*e  forming  the  gluten  wlii<'li, 
when  wheat  flour  is  kneaded  under  wat<*r,  still  ieniain.< 
atter  all  the  starch  granules  and  other  substancts  soluble 
in  water  have  been  removed. 

According  to  Dietrich  and  Konig,  the  coniiMjsitinn  of 
wheat  is  as  follows: 
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Water    13.65 

Albumen    12.36 

Fat    1.75 

Non-nitrogenouH  extractive  substances G7.41 

Fibers    2.53 

Ash    1.81 

VII.-R1CE. 

In  coimtries  where  rice  is  inexpensive,  it  provides  a 
valuable  material  for  the  manufacture  of  spirit.  An  aro- 
matic beverage  called  arrae  is  distilled  from  it,  the  grain 
being  disintegrated  without  the  use  of  high  pressure. 
When,  however,  the  disintegration  is  carried  out  hy 
steaming  under  high  pressure,  the  resulting  spirit  is  un- 
fortunately rich  in  fusel  oil.  Bice  provides  the  raw 
material  for  the  rice  wine  of  China  and  the  sake  of  Japan. 
The  starch  of  rice,  which  constitutes  as  high  as  78  per 
cent  of  the  whole,  somewhat  resembles  that  of  oats,  the 
separate  granules  being  both  simple  and  compound.  When 
compound  the  granules  consist  of  from  2  to  100  partial 
granules,  generally  of  polyhedral  form.  The  composition 
of  husked  rice  according  to  Dietrich  and  Konig  is  as 
follows : 

Water    H.O 

Albumen 7.7 

Fat    0.4 

Non^nltrogenoua  extractive  substancea 75.4 

Fibers    2,2 


VIII. -OTHER    RAW    MATERIALS    USED   IN   SPIRIT 
HANUFACTURE. 

Among  these  are  dhurra,  or  sorghum  millet,  cassava, 
■chicoiy,  figs,  locust  beans,  horse  chestuuts,  and  more 
largely,  buckwheat.  The  composition  of  the  last  named  is: 
Water,  12.63  per  cent;  albumen,  10.19;  fat,   1.28;  non- 
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iiitrogeQons  extractive  substances,  72.15;  fibers,  1.51;  and 
ash,  2:24. 

SACCHAttlFEROUS  RAW  MATERIALS. 
A.— Susu-  Beets. 

The  beet  belongs  to  the  family  Chenopodiiim  and  genus 
Beta,  the  varieties  generally  cultivated  being  linta  riil- 
yaiiti,  the  red  beet,  and  Beta  cicla,  the  white  Ijt-ct.  Th<; 
beet  juice  contains  ciystallizable  sugar  and,  in  solution, 
albuminous  substances,  mineral  sultstances,  asjiaragin, 
glutanin,  betain,  gum,  fat,  and  coloring  suhstanr-irs.  The 
quantity  of  these  constituents  varies  with  the  kind  of  tlie 
beet  and  the  manner  of  its  cultivation.  For  dilTerent 
reasons  beets  which  cannot  be  advantageously  manufac- 
tured into  sugar  may  be  utilized  with  jirofit  for  the  pro- 
duction of  alcohol,  as  the  yield  of  tiie  latter  (lc|iciiilri  oil 
tlie  percentage  of  sugar  alone,  and  is  not  infhicnct'd  i»y 
the  other  constituents  of  the  plant. 

The  sugar  content  of  tlie  beet  is,  on  the  avcnigc,  15  i»cr 
cent,  and  not  infrecjuently  more.  In  ftirmcntatio)),  ac- 
conliug  to  Lintner,  one  dozen  average  liects,  ooiitaining 
15  per  cent  of  sugar,  should  iiroduce  about  '1  gallons  of 
pure  alcohol.  The  mass  of  the  beet  consists  of  cellular 
tissue  in  which  tlie  juice  is  secreted  in  the  form  of  a 
colorless  liquid.  The  cellulo.'*c  walls  of  tlie  cells  !ir(^  to  a 
(•ertain  extent  coated  with  an  intercellular  substance,  eoni- 
piising  chiefly  pectin  substances  and  tannin.  The  pith  or 
fibers  fonn  about  4  per  cent  of  the  wciglif  of  tlie  beet. 
The  total  quantity  of  the  substances  held  iti  sobifion  in 
the  I>eet  juice  varies  considerably,  being  geni^rally  from 
I-  to  18  i>er  cent. 

For  distilling  purposes  the  saceharometer  ia  usually  of 
sufficient  accuracy  for  determining  tlip  sugar  content  of 
the  lieet  juice,  the  general  assumption  hejng  that  the 
sugar  comprises  four-fifths  of  the  drj-  substance  indicated 
by  the  Baceharometer, 
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ifolasses  is  the  thick  brown  or  yellowish  brown  syrnji 
having  a  slightly  disagreeable  odor  and  taste,  which  re- 
mains behind  as  residue  from  the  crystallizing  processes 
in  sugar  manufacture.  It  contains  from  45  to  53  per 
cent  of  sugar,  which  cannot  be  recovered  in  crystalUne 
fonn  by  ordinary  means  because  of  the  presence  of  com- 
binations inimical  to  crj'stallization.  Molasses  from  sugar 
manufactories  where  great  care  is  exercised  in  cr>'sta)Iiz- 
ation  the  after  products,  contains  less  sugar.  Because  of 
the  high  percentage  of  sugar  which  it  contains,  molasses 
is  well  adapted  for  spirit  manufacture.  The  sugar  is  in 
the  form  of  cane  sugar,  and  must  be  inverted  by  fermen- 
tation. The  content  of  water  varies  between  10  and  25 
per  cent. 

Besides  sugar,  molasses  contains  a  number  of  nitro- 
genous combinations,  including  asparagin,  glutanin,  be- 
tain,  utminic  and  huminic  substances.  It  contains  no  al- 
buminoids, though  nitrogenous  and  acid-Uke  combinations, 
which  form  organic  salts  with  potassium  and  sodium,  are 
]»resent. 

The  content  of  sugar  in  molasses  may  be  approximately 
determined  by  tlie  saccharometer,  as  in  the  case  of  beet 
juice.  As  molasses  contains  a  number  of  optically  active 
bodies,  the  results  obtained  by  jwlarization  are  inaccurate. 
The  other  optically  active  bodies,  of  course,  come  into  con- 
sideration in  polarization,  giving  results  too  high  or  too 
low,  as  the  bodies  are  eitlier  dextro-rotarj'  or  laevo-rotar>-. 
In  the  reduction  of  Fehling's  solution,  the  presence  of 
other  non-fermenfable  organic  substances,  which  also  re- 
du<'e  the  copi>er  solution  after  treatment  with  hydrochloric 
acid,  make  the  results  obtained  iu  this  reduction  too  high 
throughout. 

Sometimes  molasses  is  rendered  imjmre  by  the  presence 
of  Iiacterial  sjiores,  saltpeter,  and  volatile  fatty  acids,  so 
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tliat  it  cannot  effectively  be  fermented  by  means  of  yeast. 
With  good  molasses  and  proper  treatment  it  is  possible  to 
obtain  3  to  3.4  gallons  of  pure  alcohol  from  100  pounds 
of  molasses.  Molasses  spirit  contains  by-products  which 
are  not  found  in  potato  alcohol.  The  separation  of  these 
is  more  difficult  and  necessitates  greater  expense  than  a 
similar  operation  with  potato  spirit,  so  that  the  j)rice  of 
raw  molasses  spirit  is  always  somewhat  lower  than  that 
of  potato  alcohol. 

C.—Varloas  Other  SBCcharlferous  Raw  Malerfals. 

I.  Jerusalem  artichoke  (Helianihifs  tuberosus). — The 
tubers  of  this  plant  contain  directly  fennentable  levulose 
fomprisiug,  on  an  average,  about  14  per  cent  of  the  whole, 
Jiiid  about  '2  per  cent  of  inulin,  a  variety  of  simch 
wliicli  cjui  be  converted  into  sugar  by  Klcaniing  with  or 
without  acid. 

-.  Soryhiim  sacchaiulum  ( llolvx.'^  siiccliariitit.'^)  contains, 
ill-cording  to  the  stage  of  its  growth,  levulose  and  crystaiiiz- 
iilile  sugar,  and  when  comjiletely  ripened  t-rystallizablc 
sugar  alone.  The  content  of  sugar  is  from  fi  to  IT)  jicr 
(vuf.  Tt  is  cultivated  and  grown  with  great  case,  and 
wiu'ii  matured  under  t'avoiable  circumstances  attains 
licights  of  from  Id  to  14  feet.  Its  use  for  pur]>oscs  "f 
distillation  has  liccu  fre<|uciitly  advocated. 

'.i.  Cliirorif  (CU-hnnum  inti/biis)  contains  up  to  24  jici' 
cent  of  carboliyd rates,  which  can  easily  be  converted  into 
fennentable  sugar,  according  tn  Donnncrich. 

4.  Tin-  ffifinnfir  cnirui  (Dinirus)  lias  liecn  reeoinniendctl 
for  pnrposcs  of  rlistillation.  as  it  is  very  easily  produicd 
and  contains  as  high  as  If)  per  cent  of  sugar  and  stareli. 

.■).  (irt'c}/  corn  .s'/rt/A\«.— Successful  attempts  haw  been 
riiaiic  to  produce  alcoliol  from  this  usually  waste  material. 
and  its  employment  for  this  purpose  would  apiwar 
promising. 
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f>.  Fruits  and  berries  wliich  contain  sugar  yield  alcoholic 
4listiilates  generally  distinguished  by  agreeable  taste  and 
aiomii.  They  are  usually  employed  for  the  production  of 
alcoholie  l)everages,  and  tlieir  use  cau  only  be  remuneni- 
tivo  where  tlie  operation  permits  of  a  fennentative  period 
of  longer  duration  and  if  the  materials  used  are  pure  in 
sugar.  The  analyses  of  Fresenius  give  the  following  j)er- 
centages  of  sugar  for  eertain  of  the  fruits: 

Per  cent. 

Plums   2.1 

Green    gages 3.1 

Raspberries    4.0 

Huckleberries    ■ 5.S 

Currants    6.1 

Damsons    C.2 

CooseberrlcB  7.1 

Pears  7.4 

Apples    8.4 

Sour  Cherries 8.S 

Sweet    Cherries    lO.S 

Grupes 15.0 


PART  V. 

THE  PREPARATION  OF  THE  HALT. 
I.— The  Purpose  of  the  flalt  In  Olsllllatloo. 

IN  working  farinaceous  raw  materials,  it  is  necessan-  to 
use  uiait  in  order  to  dissolve  the  gelatinized  stardi 
as  well  as  to  convert  it  into  sugar.  Starch  is  itself 
insoluble  in  water;  the  diastase,  the  enzyme  of  malt,  first 
I'lianges  it  into  soluble  starch,  then  into  various  dextrins, 
and  finally  into  a  variety  of  sugar,  maltose,  whicli,  after 
disintegration  into  dextrose  or  grape  sugar  through  the 
agency  of  the  maltase  of  the  yeast,  is  fenneiitable.  The 
purjiose  of  malt  preimration  is  to  produce  the  sugar- 
I'onning  enzyme  in  tlie  malted  grain,  as  well  as  other 
i-nzynies  capable  of  converting  the  insoluble  nitrogenous 
rombinatious  of  the  raw  materials  into  soluble  ones. 

Jn  malt  ]irej)aratioD  it  is  necessary,  (n)  to  produce  a 
(iialt  rich  in  enzynies,  particularly  diastase,  in  order  to 
iffect  the  decoin|)osition  of  starch  and  albumen  with  as 
little  malt  as  possible,  that  is,  as  cheajily  as  possible,  and 
(/')  to  obtain  a  malt  as  free  as  possible  from  micro-organ- 
isms, particularly  those  of  injurious  nature  with  legard  to 
ftTmentatiou. 

[n  order  to  produce  an  effective  malt,  the  following  con- 
siderations are  of  the  greatest  iin))ortance: 

1.  fJood  malting  grain;  usually  the  grain  is  barley  and 
not  infre<|nently  oats  and  rye. 

±  Water  suited  for  this  purpose. 

:{-  Proper  steejiing  apparatus  for  soaking  the  malt 
>:rain. 

4.  An  efficient  and  well-const nicted  inalt-housc. 

5.  Proper  treatment  of  the  malt  upon  tiie  maltinj,^  floor. 
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2.— HateriolB  Suitable  for  /lalt  Prepamtloii. 

The  raw  material  geaeraily  employed  for  malt  prepara- 
tion is  barley,  followed  in  the  order  named,  by  rye,  oats, 
and  wheat.  Wheat  is  used  chiefly  iu  Belgian  distilleries, 
while  oats  are  often  employed  for  the  purpose  in  Hungary. 
Under  certain  circumstance.^  rye  and  oats  are  well  adapted 
for  purposes  of  malting,  though  all  other  grains  are  not 
suited  for  malt  preparation. 

Grain  which  is  (o  be  used  as  malt  should  be  chosen  with 
the  following  characteristics  in  view: 

1,  It  must  not  be  fresh  or  still  naturally  moist;  such 
grain  cannot  be  utilized  for  purposes  of  malting  as  it  is 
incompletely  capable  of  germination,  and  cannot  be  suf- 
ficiently soaked  in  the  steeping  vat  Thus,  the  use  of  green 
grain  should  be  avoided  whenever  possible. 

2.  The  best  malt  is  not  prepared  from  full  grained 
barley,  rich  in  starch,  even  though  this  be  best  suited  for 
brewing  purposes;  it  is  obtained  from  a  flatter  and  lighter 
small-grained  barley.  Winter  barley  yields  an  excellent 
distilling  malt.  Because,  however,  this  grain  is  poor  in 
nitrogen,  winter  barley  malt  is  not  as  rich  in  diastase  as 
that  prepared  from  summer  barley;  to  obtain  an  equal 
diastatic  effect  greater  quantities  of  winter  barley  must 
be  used — aboiit  20  to  25  pounds  of  barley  for  each  100  gal- 
lons of  mashing  capacity. 

That  small-grained  barley  yields  better  distilling  malt 
can  be  ascribed  largely  to  the  fact  that  the  smaller  grains 
are  richer  in  protein.  A  proteinous  barley  gives  a  strong- 
ly diastatic  malt,  as  diastase  belongs  to  the  albuminoids 
and  can  only  be  produced  from  the  albuminous  substances 
of  the  barley  grains.  Even  though  it  appear  that  all  the 
alhuiuinous  substances  of  the  barley  grain  are  not  avail- 
able for  diastase  formation,  nevertheless,  those  barleys 
which  are  richest  in  protein  yield  the  best  malts.  Tlie  solu- 
ble albuminoids  particularly  appear  to  be  directly  con- 
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wmed  with  the  diastatie  efficacy  of  the  iiiali,  as  ibr  fol- 
lowing  figures  show.  These  are  the  resujls  of  an  invesii- 
gation  made  by  Haydnek  for  the  Association  of  S]'irii 
Manufacturers  of  Gennanr : 

Soluble  XitrogeiL  TotL:  XiTrognen. 

First  Test.  Best  limit v.v>  i.r.S 

Second  Test.  Mediam  Malt («.€$  t\*\» 

Third  Test,  Poor  Malt v.€4  l.ST 

Fourth  Test,  Poorest  Malt 0.<4  ^in; 

Up  to  the  present  time  it  has  not  been  quite  clear  uj^^u 
what  conditions  the  enrichment  in  diastase  through  malt- 
ing depends,  for  Lintner's  researches  merely  fStablislieil 
the  fact  that  the  nitrogen  content  of  the  barley  does  not 
determine  the  formation  of  the  diastase.  Havduck's  in- 
vestigations,  as  set  forth  alx)Ye,  would  a}»i»ear  to  throw 
some  light  on  the  subject. 

3.  Au  imi)ortant  reciuirement  for  every  vaiiety  of  barley 
for  malting  ])urposes  is  the  faculty  of  eomi»lete  and  regu- 
lar gennination.  Grains  iucapal»le  of  genninatiou  are  not 
only  useless  ballast,  but  are  directlv  hannful  as  wt^ll  to  the 
fennentation  as  carriers  of  micro-organisms  of  destnictive 
efficacy,  for  such  grains  are  insoluble  during  the  subse- 
quent mashing  process.  Directly  after  hanestiug  every 
barley  is  temporarily  incapable  of  coini>lete  gennination; 
it  does  not  attain  its  full  genninative  ]H)wer  until  it  has 
been  stored  in  the  bin  for  about  two  months.  Here  it 
undergoes  an  after-rijiening,  for  immediately  after  the 
hars'est  only  one-half  of  the  grains  of  barley  are  germina 
tive.  The  genninating  power  gradually  increases,  tlu» 
barley  becoming  heated  thereby,  and  after  it  has  been 
stored  for  some  three  months  it  attains  its  maxinnnn  ger- 
niinative  efficacy.  When  barley  is  boused  or  stored  under 
improper  conditions,  the  grain  undergoes  eheinieal  <*lianges 
which  reduce  the  germinative  power  eonsidorably,  tlu» 
nitrogenous  combinations  as  well  as  the  earbohydral^'s 
l>eing  affected.     At  least  double  the  quantity  connnonly 
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employed  must  be  used  when  such  is  the  ease,  and  the 
grain  should  always,  when  so  affected,  be  malted  as  soon 
as  i)Ossibie.  Good  barley  should  possess  a  germinafive 
power  of  at  least  ii6  to  98  per  cent,  and  medium  barley  91 
to  93;  that  of  i>oor  barley  is  less  than  85.  It  is  quite 
tnie  that  poorer  qualities  of  barley  are  often  of  neces- 
sity utilized  in  the  distiller\',  but  assuredly  not  to  the 
advantage  of  the  distilling  o])erations,  for  it  is  usually 
impossible  to  make  weakly  germinative  grains  sprout 
l)roperly.  Hence,  it  is  generally  advisable  to  sell  barley  of 
this  kind,  even  if  at  a  loss,  and  to  purchase  good,  genuina- 
tive  grain  instead.  Even  the  higher  first  cost  is  usually 
offset  by  the  saving  in  malt  and  by  the  greater  alcohol 
yield. 

4.  Barley  with  a  thin  skin  or  husk  should  be  given  the 
preference.  Wliile  the  interior  of  the  barley  grain  may  be 
mealy,  glassy,  or  lardaceous,  grain  jwssessing  the  first 
mentioned  characteristic  should  be  preferred. 

5.  Barley  witfc  brown  smut,  infected  with  bacteria, 
and  possessing  a  distinct  odor  should  not  be  used  for 
malting  purposes.  However,  if  the  genninative  power  is 
still  good,  the  development  of  the  fungi  and  bacteria  can 
often  be  suppressed  during  steeping  by  the  use  of  disin- 
fectants, such  as  milk  of  lime  or  sour  sulphate  of  lime, 
so  that  it  is  sometimes  advisable  to  attempt  the  produc- 
tion of  malt  from  the  grain.  According  to  Heinzelmann, 
solutions  of  salicylic  acid  in  the  proportion  of  1  to  10,000 
can  be  used  without  danger  as  steei)ing  water  for  poor 
qualities  of  barley.  Solutions  of  acid  sulphite  of  calcium 
may  also  be  added  to  the  steeping  water  and  to  thai  for 
cleaning  the  malting  floor  and  vats.  Rome  authorities 
reconunend  dilute  solutions  of  antinnonin,  dinitroor- 
tliocresol  potassium  ('j  to  5  per  cent),  or  hydrofluoric  acid 
in  dilute  solution  for  disinfecting  purposes.  It  is  not  ad- 
visable to  use  carbolic  acid,  aa  it  not  only  imparts  a  dis- 
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ngreeable  odor  to  the  aloobol  but  impairs  the  germinative 
efficacy  of  tlie  barley  as  well. 

6.  It  is  extremely  desirable  to  have  the  grains  of  regu- 
lar and  uniform  size,  for  this  assists  in  effecting  smooth 
iiiid  even  genninatioD,  This  characteristic  is  often  lack- 
ing in  barley  assigned  for  malting  purposes  in  the  dis- 
tillerj',  and  in  this  case  the  steeping  should  not  he  carried 
so  far  that  the  large  graius,  steeped  with  greatest  diffi- 
rulty,  are  fully  saturated.  Should  such,  however,  be  the 
case,  the  moie  easily  steeped  grains  would  absorb  too 
itiuch  water.  Hence  the  barley  is  steeped  until  the  smaller 
grains  have  absorbed  sufficient  moisture,  and  later  on 
the  malting  floor  the  remaining  grains  may  be  softened 
properly  by  sprinkling  with  water.  Prcferahly,  the  Kiiiail 
grains  should  l)e  separated  from  the  larger  unt's  and  cacli 
size  nialteii  sejiarately. 

7.  It  may  be  assumed,  in  general,  that  the  most  com- 
[iletely  developed  and,  correspondingly,  the  best  barley 
for  malting  is  the  hea\'>'  grain,  runiiinfi  5+  to  5f>  pounds 
per  bushel.  However,  varieties  weighing  from  4S  to  oi> 
[munrls  per  bushel  can  be  wsi'd  successfully  for  distilling 
!>urposes  if  j)roperly  treated. 

J. -Water  In  naltiog  and  the  Properties  It  Should  Possess. 

Water  is  emj>loyed  in  malting  for  tiio  cleansing  of  the 
barley,  that  i.s,  for  the  mechanical  removal  from  the 
giains  of  iidhcring  impurities,  jiarticularly  micro-organ- 
isms inimical  to  fermentation,  an(f  their  seeds.  The  im- 
piuitits  iiii  iadL'  seeds  of  weeds,  dirt,  and  dust.  Both 
llie  <iust  adhering  to  the  barky  and  that  floating  in  the 
atriiiisnlieie  are  dangerous  in  ni;:lting,  as  the  former  con- 
tains organic  substances  inclining  towiuil  ]>uti'efaction. 
.-iiui  tiie  latter  carries  the  germs  of  phuits  of  low  organi- 
zation, whieli  are  capable  of  acting  as  ferments  and  ex- 
citing lactic  t'ennentation,  and  spores  of  fungi  which  may 
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induce  the  formation  of  mold  upon  the  green  malt. 
Water  is  also  utilized  for  steeping,  that  is,  to  provide 
tlie  dry  seed  grains  with  so  much  moisture  that  they  can 
begin  to  germinate,  and,  furthermore,  that  they  can  suc- 
cessfully carry  on  tlie  sprouting  processes. 

AVater  suitable  for  both  these  operations  must  pos- 
sess the  same  properties.  Excessive  care  need  not  be 
taken  in  tlie  selection  of  proper  malting  water,  for  any 
good  potable  water  is  adapted  for  this  purpose.  It  is 
immaterial  whether  the  water  be  hard  or  soft  At  any 
rate  bard  water  does  no  harm  to  the  gennination 
])roce88e8.  In  fact,  certain  considerations  appear  to  in- 
dicate that  hard  water,  that  is,  water  containing  lime, 
may  even  l>e  of  advantage;  for  during  the  steeping,  hard 
water  removes  from  the  grains  less  of  the  organic  and 
mineral  substances  necessary  for  gennination,  than  soft 
water. 

Water  which  contains  a  considerable  quantity  of  or- 
ganic impurities  resulting  from  putrefaction  and  decom- 
jiosition  j)rocesse8,  is  absolutely  unsuited  for  malting.  Such 
water  can  usually  be  readily  recognized  by  its  putrid  odor. 
Tlie  impurity  is  generally  due  to  drainings  from  cess- 
])ools  and  the  water  usually  carries  large  masses  of  putre- 
factive and  other  bacteria  which  find  a  nutrient  agar  in 
tlie  malt  grains,  develop  thereby  and,  later,  unfavorably 
atfect  the  i)urity  of  the  fennentation  by  their  injurious 
efficacy.  Such  water  contains  substances  due  to  the  ac- 
tivity of  these  bacteria,  and  the  presence  of  these  sub- 
stances alone  should  be  sufficient  to  cause  the  suitabilit>-  of 
the  water  for  malting  to  be  questioned.  The  substances 
include  ammonia,  nitrous,  nitric,  and  chlorine  combina- 
tions. Malting  water  should  contain  no  sulphide  of  hy- 
drogen or  other  sulphur  combinations,  for  these  are  al- 
ways the  results  of  reducing  processes  which  are  due  to 
bacteria  or  infusoria. 
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construetion  for  steeping  vats:    The  vessel  should  be  of 
irou  with  a  central,  conical  bottom.     Above  the  latter  is 
a  second  bottom  comprising  several  cast  iron  plates ;  the 
second  bottom  is  perforated  and  is  mounted  on  suitable 
supports.    Below  this  bottom  is  a  perforated  pipe  which 
serves    as    a    water    inlet. 
The    vessel    is    provided 
with    upper    and     lower 
water  outlet  pipes  and  in 
front  of  the  upper  outlet 
pipe    is    located    a    small 
chamber  having  at  the  side 
or  underneath,  a  wire  net 
to   hold   back  the  grains 
carried  by  the  current  of 
the  water.       The  vessel  is 
filled  with  water  and  the 
grain    is   poured    in    with 
constant   stirring    of    the 
liquid,    the   sterile    grains 
remaining    afloat    on    the 
surface.     A     strong     cur- 
rent of  water  is  now  forc- 
ed   through    the    steeping 
grain  from  the  lower  inlet 
jiipe,  the  mass  being  con- 
stantly agitated.     By  this 
procedure    the    impurities 
are  washed  away,  and  the  sterile  grains  floating  on  the 
surface  can  lie  removed  manually  or  in  any  other  suitable 
way.     To  facilitate  the  em])tying  of  a  vat  of  this  kind 
it  is  of  advantage  to  provide  a  |>erforatcd  bottom  which 
is  so  hinged  that  upon  the  removal  of  a  support  it  will 
automatically  release  the  mass  in  the  vessel  and  i>ermit 
the  same  to  escape  rapidly  therefrom. 


Fui.  7. — Ibox    Stkkpisg   Vat  With 
Watkr  Inlet  Billow  anu  ' 
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The  grains  which  at  first  rise  to  the  surface  of  the 
water  may  include  not  only  sterile  grains  incapable  of 
germination,  but  sound  grains  as  well  which  are  brought 
to  the  surface  by  air  bubbles.  For  this  reason  the  grains 
floating  on  the  surface  should,  for  the  first  two  or  three 
hours,  be  submerged  by  means  of  the  stirring  paddles 
so  that  finally  the  sterile  grains  alone  remain  on  the  sur- 
face. These  floating  grains  constitute  what  is  known  as 
skim-barley.  This  need  not  be  thrown  away  after  its 
removal,  for  it  makes  excellent  fodder  for  cattle.  It  is 
uncertain  what  proportion  of  the  entire  weight  of  the 
steeped  barley  this  refuse  represents.  While  ver>"  little 
skim-barley  results  from  the  steeping  of  well-cleansed 
and  assorted  grain,  the  proportion  may  be  as  high  as 
3  to  4  per  cent  if  badly  cleansed  barley  is  used.  The 
amount  of  refuse  also  depends  on  the  manner  of  stee{)ing, 
and  it  sometimes  hapi)ens  that  the  amount  is  greater 
from  properly  steeped  barley  than  from  grain  which 
has  been  negligently  worked. 

The  barley  is  allowed  to  remain  in  the  vat  until  it 
becomes  saturated  to  the  proi)er  degree.  The  duration  of 
the  steeping  depends  upon  the  character  of  the  barley 
grains  and  upon  the  temi)erature  and  chemical  charac- 
teristics of  the  steei)ing  water,  and  finally,  u{)on  the 
method  of  steeping  as  well.  Mild,  farinaceous  barley 
softens  sooner  than  horny  grain,  while  a  rich,  thin- 
skinned  barley  requires  a  shorter  steeping  peiiod  than 
the  full-grained,  thick-skinned  variety;  the  grain  absorbs 
the  moisture  with  greater  rapidity  in  warm  and  soft 
water  than  in  colder  and  harder  water.     In  general,  it 

uiav    be   assumed    that   the    barlev    becomes    snflicientlv 
•  •  • 

steeped  within  three  days.  In  summer  the*  grain  may  be 
ready  in  two  days,  while  in  winter  the  i^eriod  may  havo 
to  be  lengthened  to  four  days,  live  and  oats  can  be 
steeped  more  rapidly  than  barley.    The  proper  length  of 
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time  for  steeping  has  elapsed  when  the  grain  shows  a 
mass  of  unsaturated  substance  in  the  farinaceous  body, 
of  about  the  size  of  a  pin's  head;  this  unsaturated  mass 
can  be  distinguished  by  reason  of  its  lighter  color.  Bar- 
ley which  has  steeped  too  long  germinates  irregu- 
larly, while  barley  which  has  remained  in  the  water  for 
so  long  a  ])eriod  that  it  becomes  "dead"  will  not  ger- 
minate at  all.  By  the  admission  of  air  during  the 
steeping  process  subsequent  gennination  is  stimulati'd. 
Siemens  recommends  the  alternate  working  of  the  barley 
with  water  and,  ex])osed  to  the  air,  without  water. 

As  mentioned  before,  the  temperature  and  chemical 
composition  of  the  water  as  well  as  the  physical  and 
chemical  constitution  of  the  barley,  are  the  most  impor- 
tant factors  which  govern  the  time  required  for  the 
steeping  of  the  grain.  These  considerations  are  of  great 
im]iortance  and  should  be  carefully  studied  by  the  malt- 
ster. The  higher  the  temperature  of  the  water  and  the 
softer  it  is,  the  more  quickly  will  the  barley  be  steeped, 
while  the  thicker  the  husk  and  the  denser  the  tissue  of 
tlie  flour  body  of  the  grain,  the  longer  will  be  the  time 
required  for  steeping.  As  a  rule  the  sleeping  in  summer 
is  from  thirty-six  to  forty-eight  hours  in  duration,  while 
it  lasts  from  three  to  tive  days  in  winter. 

The  following  are  amoug  a  number  of  fairly  reliable 
tests  for  judging  whether  or  not  barley  has  been  suf- 
ficiently steeped : 

1.  It  should  be  possible  to  compress  the  grain  between 
the  fingers  when  the  points  are  pressed  toward  eaeli 
other. 

2.  In  pressing  between  the  fingers  or  in  bending  over 
a  finger  nail  the  hull  should  readily  detach  itself  from 
the  flour  body. 

3.  In  cutting  with  a  dull  knife  the  grain  should  not 
fiy  apart  sharply,  but  should  be  pressed  fiat. 
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method  of  steeping  has  been  developed  in  recent  times; 
tliis  is  known  as  "air-water  steeping,"  In  this  method 
air  is  either  forced  throogh  the  steeping  mass  from  below, 
or  the  mass  is  allowed  to  stand  in  free  contact  with 
tilt'  air  to  obtain  the  necessary  oxygen.  The  latter  oi>era- 
tiou  consists  in  simply  allowing  the  barley  to  stand  alter- 
nately with  and  without  water  for  jieriods  of  about  six 
hours.  This  is  the  method  recommended  by  Siemens,  as 
said  before.  The  respiration  of  the  germinating  grain 
is  accelerated  by  this  supi»lying  of  osj^gen  to  such  a 
degree  that  the  grain  begins  to  sprout  in  twenty-four  to 
thirty-six  hours.  When  this  occurs  it  is  placed  upon  the 
malting  floor,  but  as  it  does  not  contain  sufficient  water 
for  complete  gennination,  it  is  necessary  to  augment  the 
.>iuiiply  of  moisture  by  sjirinkling  tlie  grain  when  spread 
out.  Besides  saving  space  and  time,  this  method  of 
stee]iing  possesses  the  advantage  of  practically  preclud- 
ing the  possihility  of  oversteepiug.  This  was  formerly 
a  constant  danger,  particularly  in  working  barley  which 
germinated  with  difficulty  and  which  was  not  unifonu  in 
grain.  The  quality  of  malt  obtained  by  the  air-water 
method  is  little  inferior  to  that  resulting  from  the  other. 
Furthermore,  the  amount  of  malt  refuse,  according  to 
Schneider,  is  less,  and  the  genuinating  power  is  higher 
with  the  more  modem  process.  Windiscli  also  agrees 
witli  these  views.  Consequently  the  air-water  metliod 
has  come  into  widespread  and  successful  use  to-day. 

While  gennination  may  take  jilaoe  at  a  temperature 
as  low  as  41°  F.,  it  is  very  weak  and  slow  under  these 
ciicumstances.  The  most  favorable  tenqHTature  for  the 
gciiuination  of  barley,  and  other  varieties  of  grain  as 
well,  has  been  found  to  lie  l)etween  (Hi'  and  77°  F.  The 
gerniinative  jiower  of  the  grain  boconios  very  much 
weakened  and  usually  ceases  entirely  at  points  above 
86°  to  95°  F.     It  has  been  shown  to  be  of  the  greatest 
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imjiortance  to  maintain  the  definite  temperatures  most 
favorable  to  the  various  stages  of  germination.  In  prac- 
tice comparatively  low  temperatures  are  generally  em- 
ployed, as  slow  germination,  with  its  less  intense  com- 
bustion, saves  starch  and  provides  (he  malt  witli  a  higher 
proportion  of  diastase.  At  the  same  time  the  formation 
of  organized  vegetable  ferments  wliicb  would  exert  an 
injurious  eflfeet  daring  the  subsequent  operations,  is  pre- 
vented. 

6.— The  AmiiKeinent  ol  the  Malt  HouBe. 

It  cannot  be  emphasized  too  strongly  that  cleanliness 
and  the  elimination  of  inicro-organisins  injurious  to  fer- 
mentation should  constitute  the  fundamental  iiriueiple 
for  the  rational  prei)aration  of  malt.  If  it  is  possible  to 
obtain  pure  and  eJTective  malt,  the  subseiiiient  operations 
in  the  process  of  spirit  manufacture  can  be  ciiirie*!  out 
with  comparative  ease;  if,  on  the  other  liaini.  a  mistake 
has  been  made  during  the  preparation  of  tlie  malt,  this 
mistake  invariably  counts  heavily  later  on  and  (liininishcR 
llie  subsofjuent  yield  of  alcohol  in  an  nmnistakable  iiiau- 
iK-r.  No  matter  Itow  carefully  the  other  Dperatians  arc 
<'arried  out,  tlie  art  and  knowledge  of  the  distiller  are 
almost  always  useless  if  he  is  forced  to  work  willi  in- 
ferior malt. 

For  thc.'^r  rfmmis  (l,<-  malt  hausr  in  nJnrh  (hr  nuill  i,- 
jinparftl  must  he  of  nucIi  roiislnictlini  diul  )nii.'^l  hr  .-<// 
mainfaiufd  that  mold,  fi.i  ircll  (T.«  pitlrvfttrt'otii  iiml  ffi iiini- 
tntioii   arousing  oi\(jn)iisi}i!<,  rinmof   hr  dfrvJapi'il  lluiiiii. 

In  order  to  be  independent  of  external  t<'miicialnie 
changes,  the  matt  house  slioiild  jircferablv  lie  sunk  +  tn 
*>  feet  !>elow  the  surface  of  the  earth.  If  necessary,  it 
Tiiay  1)6  built  upon  tlip  ground  in  the  usual  inainu'r,  liul 
iu  this  ease  it  is,  of  course,  necessary  to  iirovidc  heating 
apparatus  to  combat  low  cxfenial  fcm]ieratuifs.  Malting 
flrwjrs  located  above  the  ground  are  really  to  l)e  recoin- 
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mended  in  such  countries  alone  where  the  distillation  is 
usually  carried  on,  as  in  Gennany,  during  the  warmer 
mouths  of  the  year.  In  a  malt  house  huilt  above  ground, 
the  walls  must  he  of  such  thickness  that  an  even  tem- 
perature of  5(1°  to  54°  F.  can  be  maintained  without 
difficulty;  the  house  should  be  provided  with  double  doors 
and  double  windows.  The  windows  should  have  effective 
shutters,  or  the  panes  of  glass  should  be  coated  with 
a  mixture  of  milk  of  limp  and  ultramarine  to  prevent 
the  direct  entry  of  sunlight.  All  the  openings  should  be 
provided  with  wire  netting  or  fly  screens.  The  malt 
house  should,  of  course,  be  provided  with  proper  plumb- 
ing for  the  water  supply  as  well  as  with  suitable  outlets 
for  the  waste  water.  The  roof  of  the  structure  should 
preferably  be  vaulted. 

The  foundation  of  the  malting  floor  is  of  the  greatest 
importance.  This  must  be  impervious,  smooth,  and  easy 
to  clean,  so  that  impurities  of  organized  or  unorganized 
nature  cannot  attach  to  it.  Plates  of  heavy  sandstone, 
burnt  clay,  Solenhofen  slate,  cement,  or  asphalt,  have 
been  found  well  suited  for  the  purpose.  The  walls  of 
the  malt  house  must  be  so  constructed  that  they  can  easily 
be  washed  with  water;  hard  facing  clinker  cemented 
in  place,  or  concrete  rendered  impervious  by  a  facing 
which  may  be  whitewashed  from  time  to  time,  can  be 
recommended.  At  the  very  least,  the  wall*  all  around 
the  malt  house  should  be  provided  with  a  smooth  facing 
of  cement  to  a  height  of  3  feet.  It  is  of  advantage  to 
provide  the  cement  with  several  coats  of  a  mixture  of 
coal  tar  and  asphalt  in  the  jtroportions  of  2  to  2Vo.  Old 
l)la8ter-covcred  walls  should  be  repeatedly  coated  with 
oi!  or  enamel  paint  to  render  the  porous  spots  impervious 
and  to  enable  the  maltster  to  wasli  them  freely  with 
water.  In  a  malt  house  of  this  construction  mold  or 
other  fungus  sjjots  should  under  no  circumstances  be 
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G3.5°  F.,  is  a  fundamental  necessity  for  the  production 
of  a  good,  strongly  diastatie  malt 

To  render  possible  a  proper  working  of  the  malt— at 
the  iiresent  time  a  twenty-day  period  is  recognized  as 
about  the  most  favorable  one — a  malting  floor  approxi- 
mately 20  square  yards  in  area  is  necessary  for  each 
260  gallons  of  mashing  capacity — according  to  Heinzel- 
mann  possibly  25  square  yards.  There  should  be  so 
much  room  that  it  is  unnecessary  to  form  the  heaps  up 
to  the  side  walls,  for  at  those  points  the  temperature  is 
usually  lower  than  on  the  rest  of  the  floor.  A  small 
channel  should  be  provided  at  the  walla  to  carry  off  the 
flow  of  cleansing  water. 

If  the  malting  floor  is  not  large  enough  for  malting 
of  this  duration  at  low  temperature,  it  is  to  be  recom- 
mended that  the  malt  be  removed  from  the  malting  house 
for  the  last  few  days  and  dried  or  withered  in  an  airj-, 
well  cleaned  loft  or  withering  floor,  to  prepare  so-called 
withered  malt. 

7.— The  Processes  of  OermlutlOD. 

Germination  is  a  life  process  which  becomes  externally 
visible  through  the  formation  of  the  acrospire  and  of 
tlie  radicles.  It  arises  under  conditions  of  a  definite  con- 
tent of  water  in  the  grain,  a  certain  temperature,  and 
of  simultaneous  contact  with  air.  The  water  sers'es  for 
the  dissolution  and  transportation  of  substances.  The 
necessaiy  heat  arises  from  the  respiration,  which  depends 
upon  the  access  of  air.  At  the  same  time  the  respiration 
provides  the  force  necessarj-  for  the  formation  of  en- 
zymes whicli  dissolve  and  transmute  the  substances  con- 
stituting the  farinaceous  body.  This  is  the  puri'ose  of 
germination.  Tlie  enzymes,  in  particular,  must  convert 
the  carbohydrates  into  sugar  (carbohydrate  enzymes) 
and   the  highly  molecular   albuminous   substances   into 
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simpler  albumen  combinations  (albumen  deeomix)sitive 
enzymes).  Both  of  these  are  processes  of  great  com- 
plexity. 

1.  The  action  of  the  carbohydrate  enzymes  during  ger- 
mination is  as  follows: 

First,  they  dissolve  the  cell  walls  of  the  grain  by 
means  of  tlie  secretion-diastase  (zytase). 

Secondly,  they  dissolve  the  starch  by  means  of  the 
diastase,   converting  the  starch  first  into  dextrins   and 

finallv  into  maltose. 

» 

Thirdly,  they  transform  the  maltose  into  grai)e  sugar 
through  tlie  action  of  the  glucase. 

Fourthly,  they  effect  the  reversion  of  the  gra])e  sugar 
into  cane  sugar. 

Fifthly,  they  invert  the  cane  sugar  into  dextrose  and 
le^^llose. 

And  finallv,  thev  effect  the  reconversion  of  the  starch. 

Thus,  besides  the  decompositive  processes — the  trans- 
fonnation  of  the  starch  into  sugar — there  arc  simultan- 
eous fonnative  actions  and  the  starch  is  constantly  being 
dissolved  and  reconverted. 

2.  Just  as  the  starch  is  converted  into  certain 
varieties  of  sugar  througli  the  action  of  the  diastase,  so 
-are  the  highly  molecular  albuminous  substances  i)resent 
in  the  grain  transformed  during  the  germinating  process 
into  simpler  combinations  through  the  activity  of  the 
proteolytic  (albumen  decom]^ositive)  enzymes.  This  de- 
composition also,  is  effected  gradually,  step  by  stej). 
At  first  non-diffusible  substances  (glutens),  which  are 
but  partially  soluble,  are  fonned.  The  subsequent 
products  of  decomiK)sition,  the  albuminoids,  are,  it  is 
true,  more  fully  soluble  than  the  preceding  onc^s,  but 
thev  are  nevertheless  diffused  with  diffi(*ultv  and,  con- 
se(iuently,  are  of  little  value  as  regards  the  nourishment 
of  the  germ.    The  action  of  the  proteolytic  enzyme  must 
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jiroceed  still  further  before  combinations  result  which 
are  soluble  without  difficulty,  which  are  characterized  by 
a  higli  degree  of  diflfusibility,  and  which  are,  therefore, 
of  great  value  for  the  growth  and  metabolic  activity 
of  the  germinating  grain.  These  are  the  peptones,  par- 
ticularly those  combinations  re- 
sembling the  amides,  and  espe- 
cially asjiaragin.  As  these  sub- 
stances are  extremely  valuable  as 
nutrients  for  yeast,  their  pres- 
ence guarantees  that  the  malt  will 
be  effective  for  yeast  prepara- 
tion. In  quantity  they  represent 
20  to  30  per  cent  of  the  original 
nitrogenous  substance  in  the 
grain.  The  largest  relative  pro- 
portion of  the  amides  is  found  in 
the  radicle  (according  to  Kellner 
23  to  34.9  per  cent)  ;  the  greatest 
absolute  quantity  is  found  in  the- 
body  of  the  grain.  The  total 
quantity  is  naturally  greatest  in 
malt  prepared  from  barley  rich  in 
nitrogen,  and,  therefore,  such 
varieties  of  gi'ain  should  be  pre- 
ferred for  utilization  in  the  dis- 
tillery. The  presence  of  th& 
albumen  decomposifive  enzyme  in 
genninating  barley  lias  been  ex- 
perimentally demonstrated  by  Windisch  and  Schellhorn 
(Ttistitute  for  Distillation  Industries,  Germany). 

Kig.  y  of  the  a('conii>anying  engravings  illustrates  a 
geniiinaling  grain  of  barley  in  cross  section.  A  repre- 
sents the  envelope  of  the  grain,  consistine  of  the  glume 
or  husk,  B  indicates  the  embryo  or  genu,  C  the  endo- 
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sperm,  the  farinaceous  body  of  the  grain  in  which  the 
starch  is  mainly  located.  The  starchy  cells  of  this  farin- 
aceous body  are  separated  from  the  husk  ])y  a  non- 
starchy  glutinous  layer  which  belongs  to  the  starch 
body.  The  cells  of  this  layer  are  angular  and  iirisinatic, 
with  thick  walls.  The  interior  of  these  cells  is  fine  in 
granule,  dark  gray  in  color,  and  is  fonned  of  albuminous 
bodies.  The  germ  B  contains  the  first  organs  d(fV(;lopc(l 
by  the  young  plant  growing  from  the  seed,  for  instance; 
the  leaf  germ  and  the  stem  germ,  destined  to  develop 
ultimately  into  the  organs  of  the  plant  above  the  ground. 
This  part  of  the  embryo  is  known  as  the  ])lunmle  or,  in 
the  distillation  industr\',  as  the  acrospire.  The  roots  are 
developed  from  the  lower  part  of  the  cnnbryo,  i^,  and  are 
called  radicles.  Besides  these,  there  are  an  env(*l()pin;< 
layer,  the  target  of  scutellum,  between  the?  farinac(M)iis 
body  and  the  embryo,  and  the  cotyledon  which  brings  tlu* 
substances  dissolved  during  germination  to  the  farin- 
aceous bodv  and  thus  acts  as  a  carrier.  Th<»  converted 
substances  not  only  provide  nourishment  for  th(»  embryo, 
but  thev  have  the  further  task,  i)articular]v  tlie  earho- 
hydrates,  of  supporting  the  respiration  of  th(»  jjlant,  and 
of  providing  the  necessary  force  for  tin*  conveision  of 
substances.  This  occurs  througli  the  oxidation  of  the 
carbohvdrates,  which  thus  make  their  latent  forces  avail- 
able  for  the  purposes  of  the  plant  growth.  Th(»  <|uantity 
of  carbohvdrates  consumed  hv  the  respiration  niav  Ik*  as 
much  as  17  per  cent  of  the  dry  substance  of  tli(»  malt,  in 
thc^  slow  working  customary  to-day. 

Strong  resjnration  of  the  iscerminating  grain  is  only 
possible  if  air  is  freely  adniitt(»d  tluM-eto.  The  products 
of  resi)iration  are  carbonic  acid  and  water.  If  large 
quantities  of  carbonic  acid  collect,  the  respiration  an<i, 
consef|uently,  the  energy  of  the  germination  are  d(»- 
creased.     The  content  of  carbonic  acid  in  the  air  of  the 
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malt  house  should  never  exceed  3  per  cent.  To  insure 
that  the  air  of  the  malt  house  does  not  contain  a  per- 
centage of  carbonic  acid  higher  than  this,  proper  ven- 
tilation may  be  resorted  to.  The  more  thorough  this 
ventilation  is,  the  poorer  in  carbonic  acid  and  the  richer 
in  oxygen  will  the  air  for  the  malt  be. 

The  evolution  of  heat  grows  correspondingly  with  in- 
creased respiration.  This  heat  may  evi;n  reach  so  high  a 
point  that  the  germination  is  completely  destroyed  unless 
means  are  provided  for  regulating  it.  Heat  regulation 
can  be  effected  through  radiation  and  conduction,  par- 
ticularly by  circulating  air  in  the  malt  heaps.  The  air  cir- 
culation depends  upon  the  fonn  of  the  heaps  and  the 
character  of  the  husk  of  the  grain.  The  smaller  or 
thinner  the  heaps,  the  better  will  be  the  access  of  air  to 
the  grains.  Grain,  such  as  winter  barley  and  oats,  with 
bearded  husks,  develops  less  heat  during  malting  because 
of  better  air  circulation  in  the  heaps  than  do  naked 
grains,  such  as  rye.  The  cooling  effect  of  the  air  is 
greater  if  it  is  dry,  as  in  this  case  the  eva])oration  of 
the  moisture  is  more  effective.  By  frequently  turning 
the  malt  and  throwing  the  grains  into  the  air  during 
the  turning,  the  temperature  can  be  so  regulated  that  it 
will  not  exceed  (iS.S"  F,  The  barleys  rich  in  albumen 
heat  moi'e  leadiiy  than  those  of  lower  albumen  content. 

The  development  of  the  barley  grain  is  illustrated  in 
Fig.  9.  The  tiist  grain  shows  the  steei)ed  but  unger- 
minated  condition.  The  next  stage  shows  the  rootlet  or 
radicle  breaking  forth  from  the  husk  of  the  grain;  it 
resembles  a  white  i»oint  in  appearance.  The  rootlet  then 
sejtarates  into  several  branches  and  simultaneously,  a 
distinguishable  development  of  the  acrospire  begins. 
The  latter  forces  its  way  along  under  the  husk  of  tlie 
grain  on  the  side  0])posite  to  the  furrow,  as  illustrated  in 
grain  3.     The  development  proceeds  as  shown  in  grain 
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4.  In  the  stage  of  development  shown  in  grain  5  the 
acrospire  has  attained  a  length  approximately  three- 
quarters  that  of  the  grain,  while  the  radicle  is  about  1 V^ 
times  as  long  as  the  grain.  At  this  point  the  malt  is 
from  six  to  eight  days  old. 

Formerly  malt  was  regarded  as  capable  of  utilization 
when  in  this  condition;  as  such  it  may  be  characterized 
*' short  malt.''     It  mav  be  that  with  the  methods  em- 
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Fio.   9. — A  Germinating  Barley  Grain-  at   Diffkrk.nt   Stagkh  of   Its 

Dkvkuh'mk.nt. 


ployed  in  the  distillery  in  fonner  times,  in  wliicli  a  ^n*at 
deal  of  malt  was  wasted,  this  view  was  not  radically 
wrong;  for  it  must  be  admitted  that  up  to  this  i)()int  in 
the  development  but  a  short  time  was  necessary  and  tlj(» 
danger  of  infecting  the  malt  with  micro-organisms  hann- 
ful  to  fermentation  was  a  slight  one.  This  danger  does 
not  reach  fonnidable  jirojmrtions  except  in  a  longer 
l)eriod  of  growth,  and  it  was  fonnerly  not  understood 
how  this  danger  could  successfully  be  overcome*.  Doubt- 
less the  use  of  malt  which  had  developed  for  a  longer 
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period  was  attended  with  very  little  success  in  many 
instances,  and  as  the  action  and  nature  of  the  deleterious 
organisms  were  not  understood,  the  unfortunate  exx)eri- 
ences  were  ascribed  to  the  strong  development  of  the 
malt.  However,  as  it  is  now  known  from  the  investiga- 
tions of  Hayduck  that  the  mass  of  the  diastase  increases 
greatly  with  the  progress  of  the  growth  of  the  malt,  it 
is  customarj',  in  order  to  obtain  a  particularly  active 
malt,  to  prepare  so-called  "long  malt"  by  permitting  its 
development  for  twenty  days  or  more.  With  increasing 
growth  the  acrospire  advances  from  under  the  husk,  as  in 
grain  6,  and  gradually  progresses  further  according  to 
the  degree  of  development  to  which  the  grain  is  permitted 
to  advance. 

8.-Tr«atineiit  of  the  Qrala  Upon  the  rialUag  Floor. 

If  possible,  the  barley  should  not  be  removed  to  the 
malting  floor  until  it  has  been  sufficiently  steeped.  The 
metliods  of  treatment  upon  the  floor  during  the  period 
of  germination  may  vary  considerably,  but  the  procedure 
is  usually  ae  follows:  After  removal  from  the  steeping 
vats  tlie  barley  is  allowed  to  lie  for  ten  or  twelve  hours 
uiion  the  floor  to  permit  the  water  to  drain  off.  It  is 
then  spread  upon  the  malting  floor  in  an  even  layer  to 
a  depth  of  2  to  4  inches  to  i>ennit  the  grains  partially  to 
dry  on  the  surface.  This  preliminaiy  drying  can  be 
recommended  when  the  barley  has  been  thoroughly 
steeped  aud  when  the  temperature  of  the  floor  is  a  low 
one.  After  some  twelve  or  fourteen  hours  the  barley  is 
foniied  into  the  so-called  net  cuiich,  a  smooth  level  heap 
from  S  to  20  inches  deep,  the  higher  the  temperature  the 
lower  being  the  heap.  Of  course,  if  the  barley  has  been 
insufficiently  steeped  and  there  is  danger  of  its  drying 
out  too  nmcli,  the  grain  may  be  heajied  into  a  couch 
without  previous  spreading.     To  prevent  an  excessive 
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The  pieces  require  frequent  turning,  preferably  two  to 
four  times  a  day,  to  insure  a  proper  air  supply  for  the 
respiration  of  the  genninating  grain,  as  the  growth  jiro- 
ceeds  with  great  rapidity  in  tlie  pieces.  In  good  malting, 
uniformity  of  growth  is  a  prime  essential,  and  this  de- 
pends almost  entirely  upon  aeration  and  regulation  of  the 
temi)eiature.  During  gennination  the  radicles  should  not 
grow  too  raiiidly  in  proportion  to  the  development  of  the 
acrosjiires.  If  the  barley  is  carried  at  too  high  a  tempera- 
ture, this  may  take  place.  The  hardness  of  the  starch 
body  should  decrease  in  proportion  to  the  development  of 
the  germ,  and  the  germination  should  be  uniform  through- 
out the  grains.  The  color  of  the  latter  should  remain  un- 
altered and  the  radicles  should  not  fade,  but  should  re- 
main white  and  shiny.  In  case  the  germs  commence  to 
fade  before  the  proper  time  the  barley  should  be  sprinkled 
with  water.  During  the  progress  of  tlie  development  of 
the  germs  all  the  above  considerations  should  be  given 
careful  attention  by  the  maltster. 

9.— The  Preparation  of  Long  Halt. 

Tlie  investigations  of  Delbriick  and  his  collaborators 
have  determined  that  the  diastase  content  of  barley  com- 
paratively poor  in  albumen  is  increased  in  the  proportions 
of  100  to  1:^8.5  if  the  malting  lasts  twenty  days  instead 
of  a  shorter  time,  as  in  the  malting  period  fonnerly  usetl 
in  jiractice,  while  the  increase  in  a  barley  rich  in  albumen 
is  in  the  proportions  of  l(X)  to  IGO.S.  Tlie  results  of  these 
investigations  have  been  confirmed  both  by  scientific  re- 
search and  in  practice.  It  can  no  longer  be  doubted  that 
through  longer  germination  a  more  strongly  diastatic  and 
a  more  active  malt  is  obtained  ;  but  certain  considerations 
must  be  given  careful  attention  in  order  to  carry  out  this 
method  jiroperly. 

Protraction  of  the  germinating  period  does  not  always 
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gnarantee  that  a  strongly  diastatic  and  sound  product 
will  be  obtained,  and,  therefore,  it  must  be  the  s])e(»ific 
purpose  of  long  malt  preparation  to  produce  a  powerfully 
active  and  healthy  malt  by  the  obsei-vation  of  all  necessary 
precautions  in  carrying  the  oi)eration  for  a  longer  i)eriod 
and  at  lower  temperatures.  The  length  of  the  develop- 
ment of  the  acrospire  is  comparatively  immaterhil  in  this 
regard.  Long  malt  produced  with  rapid  and  luxuriant 
growth  at  higher  temperature  often  yields  a  poor  malt,  as 
the  genu  has  been  develoj^ed  out  of  its  ow-n  mass  and  lins 
not  made  use  of  the  farinaceous  body  for  its  devel()i)m(»nt. 
Furthermore,  the  formation  of  active  enzvmes  has  hovu 
retarded  so  that  the  dissolving  and  conversion  of  the  sul)- 
stauces  were  but  i)oorly  eflFected.  The  malt  must  have*  a 
strong  and  forced  development,  with  internal  consiiini) 
tiou  of  as  nmch  as  ])ossible  of  the  farinac(M)us  body.  Tin* 
successful  maltster  is  one  who  succ((mIs  in  producing  tlu* 
greatest  diastatic  ])Ower  \v\i\\  tlu»  Ic^ast  p<)^^sibl(»  develop- 
ment of  the  acros])ire.  The  cornu't  mctliod  is  has(Ml  on 
tiie  principle  of  long  working  of  the  malt  without  allow- 
ing the  acrospire  to  grow  too  f redely  or  to  attain  too  great 
a  length.  Under  these  circumstances  the  most  elTectiv(» 
consumption  of  the  farinaceous  body  oeeuis,  so  that  in 
the  subse(|uent  utilization  of  the  malt  no  part  of  IIm'  starch 
fails  to  undergo  decomposition. 

For  this  i)ur])ose  the  malt  is  canie*!  foi-  a  peiiod  of 
twentv  davs,  notwithstanding  that  fornieilv  it  wns  eon 
sidered  sufficient  to  work  the  grain  \'nv  six  oi-  seven  days. 
Its  powerful  develoj^ment  is  obtained  by  ficMjucnt  tnrnin.LC. 
Of  course,  it  is  unavoidable  that  tli(»  malt  should  of  iH'ces- 
sity  be  frecjuently  moisteniMl,  though  not  too  stion^Iy, 
<luring  a  germinating  ]»ori()d  lasting  twenty  days.  Ihaltliy 
<levelo])ment  is  achieved  by  regulating  tlu»  teinperatur<' 
so  that  it  shall  never  exceed  ().'!. 7)  F.  The  development 
of  mold  fungi  and  bacteria  is  combated  by  snaking  tin* 
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malt  grain  in  dilute  milk  of  lime,  using  about  1  per  eent 
of  lime  to  the  mass  of  barley. 

TLe  following  method  for  the  preparation  of  long  malt 
is  recommended  by  Hesse:  After  the  barley  has  been 
removed  from  the  steeping  vat  or  washing  apparatus,  it 
is  placed  upon  the  malting  floor  in  a  heap,  2  to  4  inches 
thick,  which  is  known  as  the  wet  couch.  The  external 
moisture  wliich  the  grain  carries  must  be  removed  by 
frequently  turning  the  hea)).  In  the  oi>eration  of  turning, 
the  mass  should  be  thrown  into  the  air  as  high  and  loosely 
as  possible,  in  order  that  the  grains  may  come  in  contact 
freely  with  tlie  air.  The  more  frequently  the  wet  couch 
is  turned  and  the  more  energetically  the  operation  is  car- 
ried out,  the  sooner  does  the  grain  become  dry  and  begin 
to  grow.  In  this  connection,  of  course,  tlie  moisture  of  the 
air  and  the  outer  temperature  play  an  important  part. 
It  may  sometimes  happen  that  the  wet  couch  will  lie  for 
five  days  wiUiout  evincing  the  slightest  sign  of  germinat- 
ive  activity.  The  growth  now  begins  and  manifests  itself 
in  the  protrusion  of  small  white  i)oints  at  the  ends  of  the 
grains.  The  couch  breaks  and  is  now  known  as  a  brokeu 
couch.  The  white  points  of  the  grains  gradually  increase 
in  size  and  develop  into  radicles.  After  a  period  of  three 
to  five  days  the  radicles  have  increased  to  three  or  four 
in  number;  the  aerospire  develops  on  the  opjiosite  side 
under  the  husk,  and  after  three  to  five  days  has  attained 
a  length  equal  to  half  that  of  the  grain. 

During  this  stage  of  its  develo]iment,  the  malt  is  at  the 
highest  point  of  its  living  activity.  Respiration  and  the 
development  of  heat  are  at  a  maximum.  The  radicles  as- 
sume a  strong  fonn  and  begin  to  curl.  The  grain  should 
not  be  moistened  during  this  stage  of  the  development, 
and  the  water  sui)plied  to  the  grain  during  steeping  must 
answer  for  the  purposes  of  gennination.  The  radicles 
should  always  be  developed  with  tlie  least  possible  quan- 
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greater  will  be  the  loss  in  starch,  for  the  destmction  of 
the  organic  substances  and  the  carbonic  acid  evolution  are 
especially  due  to  the  decomposition  of  the  starch  and  its 
conversion  into  sugar.  This  loss  in  starch  constitutes 
about  6y2  per  cent  of  the  starch  content  of  the  grain  in 
short  malt,  while  in  long  malt  it  approximates  17  per  cent. 
Consequently,  the  proportionate  yield  of  long  malt  is  but 
90  parts,  while  that  of  short  malt  is  100;  but  on  the  other 
hand,  63  parts  of  the  former  are  equivalent  in  diastatie 
effect  to  90  parts  of  the  latter.  Thus,  in  spite  of  the  greater 
starch  loss  the  preparation  of  long  malt  is  of  undoubted 
advantage.  In  almost  all  modem  breweries  long  malt  is 
used  to-day,  and  its  employment  has  enabled  the  distillers 
to  effect  a  great  saving  in  malt,  sometimes  as  high  as  50 
per  cent 

10.-1116  PreiMratlon  of  Felted  Malt. 

Felted  malt  is  to-day  less  generally  used  than  formerly. 
Its  preparation  is  as  follows:  The  barley  from  the  steeiv 
ing  vat  or  washing  apparatus  is  piled  in  a  level  heap  some 
10  or  12  inches  deep  and  is  turned  every  six  or  eight  hours 
with  a  shovel  until  the  outside  grains  are  apparently  quite 
dry.  The  couch  is  then  allowed  to  remain  undisturbed 
until  the  radicles  begin  to  show  at  the  tips  of  the  grains. 
The  barley  iS  now  turaed,  is  again  spread  out  in  a  level 
lieai>  about  four  inches  deep,  and  is  allowed  to  ger- 
minate without  interruption  until  tlie  radicles  have  thor- 
ouglily  iolermeshed  and  entangled.  This  is  called  felting. 
Lukewarm  water  should  be  sprinkled  over  the  heap,  if  it 
ai)))Oiirs  that  the  upper  layer  becomes  too  drj'  before  the 
under  one  has  thoroughly  felted.  The  malt  is  spaded  into 
large  s((uare  sections  with  flat  wooden  shovels,  and  each 
section  is  turned  se])arately  after  the  necessan.^  water  has 
been  added.  During  the  spading  a  number  of  grains,  of 
course,   fall   from  the  malt,  and  these  grains  may  be 
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■worked  into  a  separate  heap  or  may  be  used  to  fill  tlie 
spaces  caused  by  turning  the  heap.  The  degree  of  felting 
governs  the  duration  of  the  working,  and,  as  a  rule,  it  may 
be  said  that  the  proper  period  has  elajtsed  wlien  the  lower 
portion  of  the  heap  is  more  strongly  felted  tlian  the  upiwr. 

To  use  felted  malt  either  green  or  dry,  it  must  firHt  l» 
torn  apart.  This  is  accomplished  by  simple  iria<'hi[iery 
in  which  the  pieces  of  felted  malt  are  fed  from  a  liopjier 
against  a  rapidly-revolving  shaft  provided  witli  sharp  iron 
spikes  or  studs. 

11.  -Some  Practical  D«U  for  Maltlnt. 

1.     The  composition  of  the  malt  embri/o  and  of  tin;  mall 

itself. 

The  figures  giving  the  constituentK  and  ]<rf>\iorii<iniiU- 
content  of  each,  of  malt  with  and  wiHiout  the  cmliryos, 
will  be  found  in  a  table  at  the  end  of  Part  V'll. 

2.     The  water  content  of  hnrli-y  and  >,(  nwlL 

Sllnlmiim,  .Maxhniim.  Avniiii!. 

Barley    I'lM            U.'i  14.0 

Steeped  barley 40.0            i7,.ii  i-i.Ti 

Green  malt 40.0            4r,,o  42.0 

Alr-drled    malt 1 1 .0            1  :;.o  n.O 

Klln-drled    malt 4.5             y.O  T.u 

3.     The  losses  in  maltinf/  imd  flu-  iimlt  if'n-ld. 
fhie  liundred  pounds  of  barley  with  «7  jut  rcii)  of  dry 
substance  lose: 

Short  Malt.        I>mt-.\l;il(. 
(7-l;iys,)         iti'i'y^:.y.., 

la  areeptnK 1  ■"•''  1  ■'!" 

Dr>'  substance  during  germination r..14  1  l.r,T 

Total  loss  of  the  green  malt fi.H  l.'i.ST 

Resulting  dry  substance  from  loo  jwunils  of 

barley    T;t,26  f.'j.s?. 

Green  malt  with  42.0  per  cent  of  water 14I,K0  123.SO 

927920* 
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4.     Weight  and  volume  alteraiions  of  the  barley  in  malting 
and  in  drying  or  curing. 

Volume.  Weight. 

Parta.  Parts. 

Barley  before  steeping 100  100 

Steeped  barley H5  148 

Green   malt 237  133 

Clean  kllo-drled  malt 101  76 

Malt  germs 31  3.E 

12.— The  Preparatloa  of  Malt  from  Oats.  Wheat,  Rye, 
and  Com. 

Malt  can  be  prepared  from  all  of  these  grains,  and 
under  certain  conditions  the  product  can  be  used  to  advan- 
tage, though  recent  investigations  have  demonstrated  that 
in  general  other  malts  do  not  equal  barley  malt  in  diastatic 
power,  and  very  seldom  do  they  exceed  it.  For  instance, 
tlie  researciies  of  Gliiser  and  Morawsky  gave  the  following 
relative  values : 

Dlaatatlc 
Effect- 
Barley  malt 100 

Rye  malt 93 

Wheat  malt 108 

Oat  malt 30 

Corn  malt. 28 

The  same  investigators  obtained  the  following  com- 
parative results  regarding  the  saccharizing  efficacy  of 
malt  from  different  varieties  of  grain: 

Maltose. 

Barley  malt  (two  experiments) 14.416 

Rye  malt  (one  experiment) 13.433 

Wheat  malt  (two  experiments) 15.522 

Oat  malt  (one  experiment) 4.318 

Corn  malt  (grown  long) 4.062 

1.     Rye  and  Wheat  Malt. 
According  to  the  foregoing  figures,  malt  can  be  pre- 
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I)ared  from  rye  and  wheat  which,  in  regard  to  diastatii; 
efficacy,  compares  favorably  under  the  best  conditions 
with  barley  malt.     The  considerations  obtaining  iu  tht; 
working  of  barley  also  come  into  play  in  tlie  preparation 
of  rye  and  wheat  malt.     Rye  or  wheat  malt  jjreimrcd 
at  high  temperature  almost  always  possesses  low  diastutii* 
l»ower.    The  richer  the  wheat  or  rye  is  in  proteiuH,  the 
better    is    the    malt    pre- 
pared  therefrom,   accord- 
ing to  the  investigations  of 
Hayduck.      Both     require 
steeping  of  short  duration, 
rj-e  from  twelve  to  twenty- 
four  hours  at  a  tempera- 
ture of  50°  to  54°  F.,  and 
wheat     some    twenty-four 
hours  longer.    Both  grains 
not  infrequently  are  suf- 
fi«'ientiy     steeped    after 
twenty      or      twenty-four 
hours.    As  they  easily  be- 
come moldy,  it  is  advisable  *  -j     j  \       \ 
to  treat  them  with  milk  of  '^'^'  ■.■.'\,^) 
lime— using  about  one  per    p,„    ^^.^  MA.^.viMf:^"  koss  hh- 
cent  of  lime  to  the  mass  of       ^ion  of  a  Gkkmi\atimi  Wjhaj 
the  grain— during  the  first  gjumn. 
<-leansing.      To     minimize 

the  heating  of  the  malt  couches,  it  is  sometimes  a<lvjiii- 
tageous  to  work  with  admixtures  of  oats  or  linrlfv.  say 
one  jiart  barley  or  oats  to  three  parts  rye  or  wlient,  its  llic 
grains  of  both  rj'e  and  wheat  are  not  provided  with  beiinls 
and  the  husks  are  i>eculiarly  tliiii  and  siiiooth.  If  jids- 
sible,  the  duration  of  the  goniiinating  peiiud  sli(jul<l  lie 
about  that  of  barley  malt,  and  the  temperature  slumlii  be 
maintained  between  59°  and  63.5°  F.     Germinating  rye 
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aiui  wheat  grains  jn'osoiit  a  dilToront  aj'jpoaranoG  from 
that  of  the  barley  graiu,  as  they  hiek  the  resistant  siHcic 
husk  under  which  the  aerospire  forces  its  way  along  in 
tlie  barley.  The  acrosi)ire,  therefore,  very  soon  breaks 
forth  from  the  tender  envelo])e  of  the  rye  or  wheat  grain, 
and  bursts  the  shell,  as  is  sliown  in  P^ig.  10.  The  referenev 
letters  indicate  the  same  parts  as  in  the  corresponding 
Fig.  8  on  page  88. 

Long  malt  ])rei)ared  from  rye  or  wheat  can  be  used 
to  advantage  for  sugar  formation  in  the  mash,  though  it 
has  been  nuiintained  that  it  is  of  less  value  in  the  manu- 
facture of  yeast.  This  can  possibly  be  ascribed  to  the 
fact  that  rye  and  wheat  grains  do  not  possess  bearded 
husks,  for  it  has  been  established  that  the  latter  play  an 
ini]Jortant  i)art  as  means  of  transportation  in  the  mechani- 
cal phases  of  veast  life.  Nevertheless,  excellent  veast  has 
often.  l)cen  prepared  under  advantiigeous  circumstances 
witli  i^'e  malt. 

2.     Oat  Malt. 

According  to  Gliiser  and  Morawsky,  oat  malt  possesses 
but  oO  per  cent  of  the  sugar- forming  jjower  of  barley  malt, 
llavduck  also  found  that  even  in  the  most  favorable  case 
investigated  by  him,  it  possessed  but  50  per  cent  of  the 
iliastatic  ellicacy  of  the  latter;  from  these  figures  it  might 
be  assumeil  that  its  use  could  hardlv  be  reconnnended  in 
the  distillery.  Nevertheless,  experience  has  shown  that 
its  emi)loyment  under  certain  circumstances  is  of  advan- 
tage. Some  light  was  thrown  ujion  this  <iuestion  by  a 
l)rize  (contest  of  the  Association  of  the  Spirit  Manufac- 
turers of  tJennany,  which  gave  the  lollowing  results:  The 
best  oat  malt  possesses  a  diastatic  jiower  decidedly  in- 
lerioi-  to  that  of  barley  malt.  Fermentation  is  i^oorer  when 
the  l)arley  malt  is  entirely  replaced  by  oat  mdt.  With  a 
normal  malt  addition  (4  to  5  pounds  of  barley  for  each  25 
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gallons  of  mashing  capacity)  one-third  tlie  quantity  of  the 
barley  can  advantageously  be  replaced  by  oats.    Lack  of 
diastase  is  not  tlie  reason  why  oat  malt  tends  to  minimize 
the  danger  of  foaming  fermentation.    Certain  i)henomena 
of  fermentation,  for  instance,  this  ver\^  fonnation  of  foam, 
may  often  be  avoided  by  the  use  of  oat  malt,  and  thus 
tc  its  employment  can  sometimes  be  ascribed   i)articu- 
larly  excellent  fermentation  and  a  large  alcohol  yield,  if 
the  distiller  has,  for  these  reasons,  abandoned  barley  malt. 
Thus,  at  times  it  is  customary,  if  certain  disadvantages 
cannot  be  avoided  when  barley  malt  is  used,  to  emi)loy 
oat  malt  as  a  remedy.    In  preparing  malt  it  is  not  alone 
a  question  of  sugar-forming  efficacy,  but  malt  is  also  re- 
garded as  the  best  nutrient  medium  for  yeast.     In  this 
connection  particularly  is  oat  malt  jjossossod  of  favorable 
characteristics.     Exactly  as  oats  are  excellent  food  for 
growing  and  hard-working  animals,  it  is  of  the  greatest 
value,  in  a  similar  respect,  for  yeast.    It  lias  not  yet  been 
fully  detennined  which  of  its  constituents  coiiu*  into  (jucs- 
tion  for  this  purpose;  i)articularly  is  it  an  ()\Kn\  (jucstion 
whether  the  alkaloid  of  the  oats  (avenin)  does  or  does  not 
I)lay  an  important  role  in  this  eonsidtMation.     li  it  is  true 
that  oat  malt  is  })eculiarly  a(lai)t;d  lor  rapid  iei'nienta- 
tion,  the  aggravating  action  may  he  aseiihed  to  some  sub- 
stance contained  in  the  oats,   rollo\vin<;'  tlu*  sanu*  line  of 
reasoning  as  in  connection  witli  yeast.    In  lact,  a  nnnibei* 
of  investigations  conducted   hy    Delhiiick,   to.ij:cther  with 
Deinhardt  and  Lange,  has  determined  tliat   the  zymase 
content  of  the  veast  is  considerahlv  increased  1»v  the  a<l- 
dition  of  oat  malt. 

The  preparation  of  oat  malt  is  conduct(»d  on  the  same 
jirinciples  as  that  of  barley  malt.  The  sl(»e};in<i:  must  lie 
carried  out  with  particular  care,  as  oats  become^  thor- 
oughly steeped  more  rapidly  than  does  barley.  In  gen- 
eral, oats  require  from   forty  to  sixty   hours   for  steej)- 
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h)g.  After  this  operafion  the  grain  is  spread  out  in  a 
thin  layer  to  drain.  After  uniformly  drying  the  oats 
are  gathered  in  heaps  12  to  14  inches  deep,  and  are  al- 
lowed to  germinate  at  a  warm  temperature  for  about  five 
days. 

Experience  has  shown,  however,  particularly  in  Hun- 
gary, tliat  for  oats  a  steeping  period  from  thirty  to  forty 
hours  in  length  may  be  sufficient.  It  has  apparently 
been  proven  tliat  it  is  advantageous  to  employ  warm  tem- 
peratures during  germination  and  to  carry  the  heaps 
comparatively  high.  Few  attempts  have  been  made  to 
prepare  long  malt  from  oats,  but  it  would  appear  from 
our  experience  in  preparing  long  malt  from  barley,  that 
carrj-ing  oat  malt  for  a  longer  period  would  also  be  suc- 
cessful. 

3.     Com   Malt. 

Corn  malt  plays  an  important  part  in  distillation  in 
those  countries  in  which  spirit  is  manufactured  from  this 
graiu,  or  where  barley  is  expensive  or  unobtainable.  The 
diastatic  power  of  com  malt  is  small,  and  according  to 
Oliiser  and  Moraweky  is  but  28  per  cent  of  that  of  barley 
malt.  Furthermore,  corn  easily  becomes  moldy  and  in- 
clines toward  the  development  of  micro-organisms  in- 
jurious to  distillation,  especially  as  the  malt  couches  must 
be  carried  moiijt  and  wanu  (68°  to  84°  F.).  Consequently, 
in  the  preparation  of  corn  malt  the  vei-j"  best  grain  only 
should  be  used,  and  this  unfortunately  is  rarely  obtain- 
able. 

Corn  malt  is  extensively  used  in  the  United  States.  The 
grains  must  be  steeped  for  at  least  three  days,  and  often 
lor  a  iieriod  considerably  longer.  A  raetliod  of  prepara- 
tion commonly  employed  is  tliat  covered  by  Wolff's 
patent.  In  this  method  tlie  grain  is  first  exposed  to  moist 
air  having  a  temperature  of  96.8°  F.,  in  a  beajt  about  4% 
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tive,  and  it  was  possible  to  saccharize  starch  exactly  as 
with  grain  malt  Its  use  in  practice  is  still  an  open  ques- 
tion, however. 

B,  Amylomyces  Roiixii,  possessing  the  same  character- 
istics as  the  first-named  fungus.  Industrial  utilization  of 
this  fungus  has  been  carried  out  in  large  corn  distilleries 
in  Belgium,  Fram-e,  and  Hungary.  The  fungus  is  culti- 
vated in  the  mash  itself.  However,  before  a  general  intro- 
duction of  this  fungus  into  practice  can  take  place,  certain 
technical  difficulties  must  be  overcome.  Up  to  tlie  present 
time  the  researches  conducted  by  Dr.  Henueberg  in  tlie 
Institute  for  Distillation  Industries,  at  the  instance  of 
Delbriick,  have  demonstrated  little  possibility  for  the  use 
of  this  fungus  iu  potato  mashes. 

13.— The  Preaervatlon  of  Malt  Tbrough  Drying  In  Air  and  Kilns. 

The  barley  by  germination  has  become  green  malt, 
which  must  be  used  either  at  once  or  within  a  few  days, 
provided  nothing  has  been  done  to  preserve  it  for  a  longer 
period.  It  must  be  turned  frequently  with  the  shovel  and 
sjnead  out  in  sliallow  heai)s,  if  it  is  desired  to  keep  the 
malt  witliout  change  for  even  a  few  days.  Lower  tem- 
peratures and  subseciuent  desiccation  interrupt  the  germ- 
ination of  the  grain  and  maintain  the  efficacy  of  the  malt. 
It  is  not  very  long,  however,  before  the  formation  of  fun- 
gus growUis  sets  in,  together  with  lactic  acid  fermentation. 
To  )ireser\'c  tlie  malt,  the  conditions  favorable  to  the 
growth  of  fungi  and  mold  must  be  obviated,  and  this  can 
be  accoinjilished  by  drying.  When  the  malt  is  dried  in  the 
air  in  hot  weather,  it  is  called  air-dried  malt,  and  if  the 
ojieration  is  carried  out  iu  a  kiln  the  tenii  kiln-dried  malt  is 
iiiqtlied  to  the  jiroduct.  The  latter  contains  2  or  3  per  cent 
only  of  moisture,  while  the  air-dried  malt  contains  as 
much  as  15  to  17  per  cent.  Both  air-drjing  and  kiln-dr>'- 
ing  cause  a  certain  loss  in  diastatic  activity.   This  loss  in- 
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creases  with  the  temperature  at  which  the  drying  is  con- 
ducted.   According  to  Kjeldahl,  the  relative  values  me: 

Dinstnllc  power 
of  theilry  Hubatiinte. 

Green  malt 100 

Green  malt  dried  at  122=  F SS.2 

Gre«n  malt  dried  at  140°  F 7s.3 

Green  malt  dried  at  158"  P 52.SI 

Because  of  these  severe  losses  in  diastatie  power,  evpu 
with  careful  diying  in  air,  it  would  apjwar  to  bt'  ,justifi('<l 
in  but  few  eases  to  prepare  dr\-  mait  from  green  iimll  in 
any  manner  whatsoever.  In  hot  countries  it  is,  perhiipw, 
necc'.ssaiy  to  use  kiln-dried  malt  entirely.  In  t<'ni]ter;itc 
countiies  it  is  advisable  to  use  green  or,  tit  the  nmst,  with- 
ered malt  for  the  preparation  of  maltose,  thereby  not  only 
saving  lalior  and  exjiense,  but  working  witli  a  nioie  ef- 
fective material  as  well. 

To  air-dry  malt,  it  is  spread  out  in  a  voiy  thin  layer 
upon  the  floor  and  turned  at  least  every  two  hours,  citrf 
being  taken  to  break  up  all  bmips.  The  (iperaiion  eaii 
Ik'  sueecssfully  carried  out  <m  h(»t,  dry  days  in  uaiiti 
looms. 

In  preparing  kiln-dried  malt,  the  frrecii  malt  slumld 
not  he  placed  directly  in  tlie  kiln,  but  slinuld  liist  !»■ 
spread  out  on  the  Hoor  to  penult  same  of  tiie  iimistiin'  to 
evaporate,  thereby  better  preseiving  llic  etlicaey  of  llie 
tliastase.  It  would  ai)|)eiir  from  Kr!in<'b's  investigatinns 
that  while  the  diastatie  power  of  the  iiiall  may  be  ennsid- 
erahiy  deereased  by  bish  temperatures  while  in  a  nmist 
condition,  its  activity  is  little  imiiaircd  when  dry.  even 
by  temperatures  as  high  as  l^.'*""  F.  ('onscijut'iitly,  (he 
drj-ing  should  lie  <'ommeiieed  at  a  low  tcniiierature.  and 
increased  gradually  t'rtim  about  Sfl'  or  S7  I-',  to  PU  V. 
until  the  greater  portion  of  tlii"  moisture  has  been  removi-d. 
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The  remainder  of  the  operation  may  be  carried  out  at  a 
temperature  of  122°  to  131°  F. 

Well-dried  malt  should  float  ujkhi  water,  and  should  not 
be  much  darker  in  color  tliau  the  yellow  of  the  barley ;  it 
should  contain  a  mellow  and  sweet  white  starch  body,  and 
in  biting  through,  it  should  crumble  easily  without  being 
hard  and  brittle. 

M.— The  Qiiaiitltle«  of  Malt  Necessary  lor  Sucar  Pormatloo. 

Before  the  preparation  of  malt  was  thoroughly  under- 
stood it  was  necessary  to  utilize  large  quantities.  It  was 
customarj'  to  use  5  to  6  pounds  of  barley  in  the  form  of 
green  malt  for  each  100  [wunds  of  potatoes.  This  barley 
is  ec|uivalent  to  a  mass  of  green  malt  weighing  from  7 
to  7Vi>  pounds.  Of  the  latter,  some  3  pounds,  correspond- 
ing to  2  pounds  of  barley,  were  used  for  the  ijreparatiou 
of  yeast,  and  about  4  i>ounds,  say  3  pounds  of  barley,  for 
the  mash.  Another  reasou  for  using  such  large  quanti- 
ties of  malt  lay  therein  that  the  diastatic  power  of  a  con- 
siderable part  of  the  malt  was  injuriously  aifected  be- 
cause of  inefficient  mashing  apparatus,  in  which  the  e<iuali- 
zation  of  the  temperature  was  slow  and  incomplete  and 
wherein  the  mash  was  overheated  in  parts.  This  was  called 
the  scalding  of  tlie  malt.  These  conditions  were  changed 
by  the  introduction  of  the  exhauster  in  connection  willi 
the  Henze  apparatus,  as  well  as  by  the  iwwerful  stirring 
devices  introduced  with  modern  mash  vats,  so  that  to- 
day instead  of  G  pounds  of  barley,  at  most  4  to  5  pounds 
are  used.  Recently  a  still  greater  saving  in  malt  has 
been  made  possible  because  of  the  increased  diastatic 
power  of  the  malt  produced  by  long  malting,  so  that  in 
a  jtroperly  conducted  distillery  jnovided  with  the  I)est 
a])pai'atus  but  2  to  2',>;  pounds  of  malt  grain  for  each  llX) 
I>ounds  of  ]iotatoes  are  necessary  for  sugar  fonnation  and 
yeast  preparation.     In  measuring  the  malting  grain,  it 
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ing  point  on  tbe  surface  of  the  smaller  one.  and  a  drag- 
ging and  tearing  action  is  tliereby  obtained.  TLe  lojjs 
most  be  carefully  fashioned  and  must  l*  veil  ]Li'.'-jiit>.-J. 
Any  injurj*  to  the  rolls  doe  to  foreign  l>'.»lie>.  pu<-j.  a> 
pieces  of  iron,  must  be  remedied  without  delay.  To  avoid 
lapid  deterioration  the  crushers  are  j^rovid^j  'n-jtli  :^:H-i;iui 
l)earings.  Fig.  11  illustrates  an  ajjijaratus  wlii-.L  Lu-^  iM^^u 
found  efficient  in  practice. 

2.     Malf  Milk  Apii'iroln.-^. 

The  first  apparatus  of  this  kind  wasr  r-on-ilnn-tf-i  i<y  < '. 
G.  Bohm,  of  Fredersdorf,  (iennany;  it  i:;  i;>.i^tiat-'i  iu 
Fig.  12.  It  comprises  a  wrought-irou  iiiitli  v..>:^'i  v.iiji  a 
canical  bottom;  with  this  is  connected  a  i.-'-ji^i'iivrun'.  i'lJlI. 
which  can  be  driven  with  great  rHj-idity  by  ::.i-;.;.~  ..i'  l.f-lt 
and  pulley  and  which,  at  the  «iiiii-  liiric.  i-  ii-iai  ''-i  t'l  ii'-t 
as  a  pump.  Tbe  malt  which  is  pUn-i-'i  in  ll;i-  v.  — i-:  wiiii  a 
projier  quantitj"  of  water  is  diawu  ini'i  lli'-  Uiili.  l>!ol:(-ii 
up,  and  thrown  back  again  intu  tin-  ■■dui'-iil  v.>^.-l.  Tijis 
ajieration  is  repeated  until  a  fin*.-  liJiitt  luilk  i>  ol.tiitiifl. 
Tlie  malt  milk  apparatus  dues  rnH,  liuwcvcr.  n-ud'-r  ims- 
silple  a  more  complete  coiiiiiiiniili'in  ni'  the  ir.iilt  tuiU!  is 
effected  by  an  efficient  malt  itiisIiit,  but  tin'  work  jici- 
fonned  ))er  unit  of  time  is  jri'^'iit*'-  il"It  "I'H^  nt>]>arnlns 
will  Ih?  found  useful  wlieiv  ni]iidity  mI'  o]H-iati'iii  is  de- 
sired and  where  dilutiim  nf  tli'-  inasli  is  iii]i'ii]i<iitiiiil.  Jnr 
instance,  where  there  is  no  tax  on  the  masliiug  capacity. 
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seldom  properly  cleansed  with  a  single  washing.  Every 
properly-conducted  distillery  should  be  provided  witli 
an  apparatus,  installed  between  the  elevator  and  the 
steamer,  for  weighing  the  i>otatoes.  For  this  purpose  a 
simple  wooden  or  iron  receptacle  mounted  upon  the  plat- 
form of  a  decimal  scale  and  provided  with  a  trap  door, 
has  been  found  to  be  all  that  is  necessary  to  weigh  the 
potatoes  before  steaming.  Automatic  scales,  such  as  those 
constructed  by  C.  Eeifert,  are  frequently  employed  in  Ger- 
many. 

2.— Steunlac  the  Potatoes. 

The  potatoes  are  steamed  for  two  reasons : 

First,  to  effect  the  conversion  of  the  starch  to  a  gelat- 
inous or,  preferably,  dissolved  state.  As  has  been  re- 
peatedly mentioned,  unsteeped  starch  can  be  but  slowly 
dissolved  by  the  diastase  of  the  malt,  while  starch  in  a 
gelatinized  condition  is  dissolved  almost  iustantaneously. 

Secondly,  to  effect  the  destruction  of  the  walls  envelop- 
ing the  starch  granules,  that  the  contents  of  the  cells  may 
be  completely  gelatinized  and  available  for  the  action  of 
the  diastase. 

As  potatoes  contain  76  parts  of  water  to  18  parts  of 
starch,  the  natural  moisture  is  entirely  sufficient  for  the 
conversion  of  the  starch  to  the  gelatinized  condition  at 
a  cooking  temperature  of  212°  F.  Consequently,  in  cook- 
ing and  steaming  potatoes  no  water  need  be  added;  on 
the  contrary,  it  is  even  necessary  for  the  production  of  a 
thick  inash  that  the  condensed  water,  as  well  as  the  am- 
niotic water  or  natural  juice  of  the  potatoes,  should  be 
withdrawn  as  largely  as  possible  during  the  steaming 
o]ierafion.  The  remaining  quantities  of  water  are  sufficient 
for  the  desired  gelatinization  or  dissnlvinft  under  high, 
pressure.  The  latter  is  necessary  in  order  to  secure  the 
rapid  and  complete  dissolving  of  the  starch.    In  working 
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water ;  a  a,  pipes  for  the  introduetion  of  steam.  For  the 
reasons  given  above,  the  apparatus  was  unsatisfactory; 
tlieiefore  Henze  determined  to  attempt  the  steaming  of 
potatoes  without  mechanical  power  in  the  specially-con- 
structed steamer  which  now  bears  his  name.  Since  1873, 
when  it  was  first  discussed  at  the  general  assembly  of 
the  Association  of  German  Spirit  Manufacturers,  this 
device  has  come  into  almost  universal  employment;  only 
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here  and  there  is  some  other  apparatus  to  be  found  in 
a  distillery,  and  then  for  special  reasons  only.  The  ad- 
vantages of  the  use  of  high  pressure  over  the  old  processes 
are  substantially  as  follows: 

First,  the  old  method,  incomplete  and  raechanically 
poor  in  aiTangement,  lias  been  replaced  by  a  simpler 
process,  which  is  based  on  scientific  principles  and  is 
technically  well  elaborated. 

Secondly,  with  the  old  process,  under  favorable  cir- 
cumstances, 5  per  cent,  though  usually  ly^  to  10  per  cent, 
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pipe  lias  a  sharp-edged  grate  or  valve  for  breaking  up  the 
contents  as  the  mass  is  blown  out.  The  cone  wall  is  pro- 
vided with  an  opening  for  the  removal  of  stones  and  other 
foreign  bodies,  and  on  the  upper  part  of  the  body  are 
mounted  a  pressure  gage  and  an  air  cock. 

b.    The  Operation  of  the  Heme  Apparatua. 

Steaming  Potatoes  Under  Normal  Conditions. — Before 
beginning  to  steam,  the  body  of  the  apparatus  must  be 
filled  somewhat  above  the  usual  height  with  water,  and 
the  pressure  must  be  raised  to  the  highest  permissible 
point.  The  manhole  of  the  steamer,  which  has  been  filled 
with  potatoes,  is  then  closed,  the  upper  air  cock  and  the 
outlet  cock  for  the  natural  water  are  opened,  and  steam 
is  allowed  to  enter  the  vessel  through  the  upper  inlet  pipe. 
As  soon  as  steam  escapes  from  iJie  upper  air  cock  the 
latter  is  closed ;  water  now  flows  still  more  freely  from  the 
natural  water  cock,  and  as  soon  as  the  potatoes  have  been 
heated  through  to  the  bottom  of  the  apparatus,  steam 
and  the  air  remaining  in  the  vessel  also  escape  from  this 
opening.  The  water  cock  is  now  closed,  though  it  may 
be  opened  temporarily  from  time  to  time  to  withdraw  the 
natural  and  condensed  water,  usual  with  concentrated 
mashes  and  with  potatoes  poor  in  starch,  and  steam  is 
allowed  to  flow  through  the  upper  steam  inlet  pipe  until  a 
l>ressure  of  V/2  to  2  atmospheres  has  Ueen  reached.  To 
avoid  starch  losses,  the  amniotic  and  condensed  water  last 
withdrawn  from  the  apparatxis  is  allowed  to  run  into 
the  preparatory  mash  vat.  The  upper  steaan  valve  is 
now  closed,  and  the  steam  is  permitted  to  enter  through 
the  lower  inlet  pipe  until  a  pressure  of  3  atmospheres  is 
reached.  After  standing  at  this  pressure  for  10  or  15 
minutes,  the  apparatus  is  blown  out,  the  lower  steam  inlet 
being  closed,  while  the  upper  inlet  and  the  blow-out  valves 
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flow  through  the  apparatus  for  about  one  hour  with  open 
outlet  valves;  subsequently,  the  operation  may  be  eon- 
-ducted  at  higher  pressure,  up  to  3  atmospheres,  for  about 
half  an  hour.  Despite  all  care,  it  nevertheless  often  hap- 
pens that  large  masses  of  the  contents  are  not  sofBciently 
disintegrated.  This  bAtomes  apparent  during  the  blow- 
ing out  by  the  appearance  of  steam,  now  and  then,  instead 
of  the  potato  mass,  or  hy  the  decided  crackling  which 
can  be  heard  at  the  outlet  valve.  Under  these  cireran- 
stanoes,  it  is  advisable  to  allow  steam  to  enter  the  appa- 
ratus while  the  blowing  out  is  taking  place.  Even  if  the 
steaming  is  iirotracted  by  this,  the  losses  will  be  found 
to  be  smaller  in  the  end. 

c.    Froportions  of  the  Henze  Apparaiut. 

For  each  hundredweight  of  potatoes  rich  in  starch,  a 
<'apacity  equivalent  to  18  gallons  is  necessary  in  the  Henze 
apparatus,  while  for  potatoes  poor  in  starch  a  capacity  of 
20  gallons  is  requisite.    A  Henze  caiiacity  of  28  to  30  gal- 
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Ions,  or  25  gallons  of  mashing  capacity,  are  necessary  for 
mashes  of  20°  by  the  saecharometer,  while  a  capacity  up 
to  42  gallons  is  requisite  for  concentrated  mashes  of  24°  to 
26°,  where  the  mashing  capacity  is  more  efficiently  utilized 
through  the  removal  of  husks  and  the  diminution  of  the 
vacant  space  above  the 
wort  by  means  of  movable 
vat  cooling. 

The  Henze  steamer  is 
not  free  from  the  danger 
of  explosion  due  to  tlie 
high  pressure,  and  it  comes 
under  legal  olasaification 
with  steam  drums  and  sim- 
ilar devices  with  regard  to 
its  arrangement  and  opera- 
tion, and  iH'i'ordiiigly,  it 
nmst  he  i)eri<)dically  cxiim- 
ined  In-  ((Ualiticd  exjierts. 
An  evfr-i)r('t;ent  danfjei-  in 
this  aj)paratus  is  tliat  due 
to  rust  foi'iTied  l)y  water 
dripping  front  valves  and 
by  tlie  oondi'nsing  steam. 
Tills  rust  tVeinK'ntly  jk'HO- 
trntes  dcfply  into  tiic  mi't- 
al,  and  may  cause  a  woiik- 
ening  to  which  can  suliseciiientiy  be  ascribed  a  disastrous 
exjikwion.  Sonietiiiics  tlie  apjiaiatus  is  incased  in  non-con- 
ducting material  to  prevent  loss  ol'  beat,  and  while  this  may 
be  of  value  in  the  saving  of  I'ucl,  it  renders  the  siirl'ace  of 
tile  ap])aratus  difficult  to  inspect,  and  it  readily  collects 
moisture  wliich  may  cause  rusting.  A  moist  covering  is  imt 
only  a  good  couductoi-  of  lioat.  but  it  is  furthermore  a  di- 
rect consumer  of  iieal,  as  the  water  it  absorbs  nmst  !"■ 
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evaporated  by  the  steam  introduced  into  the  apparatus. 
With  regard  to  the  safety  of  operation,  the  upper  man- 
hole cover  or  closing  device  of  the  apparatus  was  for 
long  a  questionable  point.  This  is,  however,  no  longer 
the  case,  as  perfected  closures  have  been  devised  which 


Fig.  19.— Safety  Manhole  Coyeb  or  Modern  Hexze  Steaueb. 
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festive  water  cooling  in  the  preparatory  vat,  the  danger 
of  overbeatiug  is  no  longer  so  great,  and  thus  a  good  dis- 
tribution of  the  potato  mass  is  effected  in  the  newer  ap- 
paratus, thereby  avoiding  the  aggregation  of  the  masses 
in  the  preparatory  mash  vat.     in  the  modem  apparatus 
the  funnel  and  the  steam  jet  exhauster  are  primarily  \ised 
for  the  still  necessary  removal  of  the  steam.      Johann 
Hanipel  of  Dresden,  with  his  fore-mashing  vat,  proved  to 
be  a  pioneer  in  the  methods  of  construction  based  upon 
this  consideration.    It  is  to  be  noted 
that  cooling  by  means  of  the  ex- 
hauster  yields   mashes   of   greater 
concentration;  in  cooling  with  water 
more    steam    is    condensed    in    the 
mashing  vat  and  the  mash  is  thin- 
ner, 
B.     The  Blow-out  Devices  of  the 

Heme  Steamer. 
The    softened    potato    mass    is 
broken  up  by  being  blown  against 
the  sharp  cutting  and  tearing  edges 
Fin.      21— SfiiEiBSEB's  of  the  valve,  the  high  pressure  ex- 
CoMMtMTiNfi  Valve,    erting  itself  exjilosively  in  the  mass. 
In  the  first  tyjie  of  Henze  a}iparatus 
an  ordinan.-  cock  with  a  round  opening  was  utilized,  but 
it  was  soon  found  that  the  breaking  up  was  incomplete 
with  this  fonn,  and  so  the  round  opening  was  discarded 
for  a  sharp-edged  slot.     After  this  the  coek  arrangement 
was  abandoned  entirely  and  valves  were  introduced  which 
were  provided  with  sharp  edges  and  comers.     The  first 
Avenariiis  valve  must  be  considered  the  pattem  for  this 
tyiM>  of  valve.       Other  apparatus  was  subsequently  de- 
signed which  had  a  still  greater  cutting  and  tearing  ac- 
tion.   Among  the  latter  the  Scheibner  comininuting  valve, 
illustrated  in  Fig.  21,  was  the  earliest 


130  INDUSTRIAL   ALCOHOL 

the  affecting  conditions,  there  is  little  necessity  for 
special  blowing-out  devices  if  the  ordinary  valve  is  prop- 
erly constrncted  with  effective  cutting  edges.  These- 
special  appliances,  however,  will  be  found  of  great  value 
if  the  raw  substance  is  poor  or  if  the  material  worked 
is  com  or  other  grain.       It  has  been  found  good  prac- 


tice to  place  a  grating  in  the  blow-out  pipe  which  will 
hold  back  stones  and  other  large  impurities  and  is  also 
useful  as  an  aid  in  the  comminution  of  the  steamed  mass. 
However,  between  the  grating  and  the  valve  there  must 
be  provided  a  steam  cock  and  a  hand-opening  large 
enough  to  permit  the  removal  of  obstructions  due  to  the 
collecting  of  impurities.    In  Fig.  23  is  illustrated  a  Ger- 
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not  in  but  outside  of  the  fore-masbing  vat.  It  draws  the 
mash  from  the  lowest  part  of  the  vat  and  returns  it  to 
tiie  upper.  It  can  be  recommended  as  an  aid  to  the  opera- 
tion of  jwor  mashing  apparatus  only.  As  the  steaming 
ojieration  to-day  is  a  very  complete  one,  and  as  inefficient 
apparatus  should  no  longer  exist,  these  mills  are  seldom 
used  in  potato  distilleries,  though  less  infrequently  in 
plants  utilizing  grain.  Pig.  24  represents  Bohm's  mash 
mill. 


While  the  natural  moisture  of  potatoes  is  quite  suf- 
ficient for  the  disintegration  of  the  starch  which  they  con- 
tain, farinaceous  grain  like  corn  and  other  cereals  must 
he  ])rovided  with  additional  water  during  steaming  in 
order  to  supply  the  necessary  moisture  for  the  gelatiniza- 
tion  and  dissolving  of  their  starch,  as  these  raw  ma- 
terials contain  about  60  per  cent  of  starch  to  but  13  to 
15  ]iei-  cent  of  water.  The  addition  of  the  water  presents 
one  of  the  difficult  features  of  the  working  of  com  and 
other  starchy  grains.  We  shall  see  that  special  consider- 
ations must  be  taken  into  account  in  this  regard. 

A.    Working  Corn  by  the  Old  Method  Without 
the  Application  of  Pressure. 

Corn  can  be  worked  without  high  pressure  when  it  is  in 
a  very  finely  divided  or  crushed  condition  only.  It  is 
]ilaeed  with  the  necessary  water  in  the  preparatory  mash 
vat  oi'  in  a  special  corn-cooking  vat  iirovided  with  a  stir- 
ring device.  About  40  to  45  gallons  of  water  are  neces- 
sary for  each  IflO  ]iounds  of  corn.  The  crushed  com  is 
slowly  poured  into  the  requisite  water  warmed  to  130°  or 
140°  F.,  with  constant  movement  of  the  stirring  device, 
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to  avert  tlie  fomiatiou  of  lumps.  After  this,  steam  is 
introduced  into  the  mass,  which  is  constantly  stivrvd,  so 
that  tlie  temperature  rises  to  1S)4°  to  '203'  h\  It  has  been 
found  useful  to  add  about  1  per  cent  of  cruslied  malt  to 
the  water  before  the  bulk  of  the  grain  is  introilucL'd,  to 
give  a  less  teuacious  mass.  A  large  jiart  of  the  gelatin- 
ized starch  becomes  more  fluid,  if  the  heating  is  cnrefuily 
executed,  because  of  the  added  malt;  sugar,  de.\trin, 
and  other  combinations  result.  By  this  lueaus  a  mobile 
mass,  not  easily  aggregated,  is  obtained  and  the  cooling 
of  this  mass  can  be  effected  rapidly  and  cheaply.  '1  lui 
stirring  apparatus  is  kept  in  constant  operation  and  thus 
the  mass  becomes  steeped  througli  and  through  shortly 
after  the  grain  is  poured  into  the  water.  When  the  mass 
becomes  steejied  it  diffuses  a  i)eculiar  aromatic  odor.  'I'lte 
softened  grain  is  cooled  by  the  addition  of  water  or  prefer- 
ably by  means  of  suitable  cooling  ap])liaiices.  After  the 
fooling,  the  malt,  which  is  doughcd-in  with  'J'-  times  tlii? 
(luantity  of  cold  water,  may  be  added,  the  mixtuie  being 
again  thoroughly  stirred.  After  this  the  vaf  is  cuvered 
and  the  mass  is  allowed  to  stand  the  proper  leiiiftb  uf 
time  for  saccbarizatiou. 

it  is  advisable  fo  begin  the  (•<K)Iiiig  after  tlie  mass  has 
ritood  at  the  cooking  temperature  I'ui-  an  hour  nr  ati  liour 
and  a  half,  'i'lie  temperature  is  lowerfd  1<»  tlie  iiniper 
point  for  inasliing  and  the  malt  for  this  imrpose  is  then 
added.  The  cjuantity  of  malt  added  for  Ihe  sugar  for- 
mation should  be  at  least  7S)  ]<irv  cent  uf  tbi'  whole,  tliongli 
for  active  after-fermentation  the  use  of  larger  iiuantities 
of  malt  is  recommended.  In  Iidgiuui,  where  kiln -dried 
malt  is  usually  eiTiployed.  in  per  cent  and  somelimes  1.') 
per  cent  of  this  vaiiely  of  malt  are  used. 

The  yield  with  this  liiellind  of  operation  depends  largely 
upon  the  degree  of  comminulinn  „i'  (he  gi'aiii.  If  llie  grain 
is  not  finely  divided  it  is  seldom  iiossible  to  obtain  mon- 
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than  ."  to  l\.'J.  iialloiis  of  alcoliol  \ivv  liiiJidrodwi'ip:lit.,  witH 
V(M  y  tiiK'ly  c'oiniuiiiuled  corn  o.lJ  to  3.7  gallons  may  W 
producod.  The  theoretically  i)ossible  yield  cannot  bo  ob- 
tained l)ecause  the  corn  is  incompletely  disintegrated. 

Coin  can  be  worked  with  snli)hnrous  acid  with  l)ettcV 
results.  This  eft'ects  a  softening  of  the  inter-cellular  sub- 
stance and  of  the  cell  walls  of  the  corn  grains  so  that  iu 
the  sul)sequent  cooking  a  more  complete  gelatinization 
takes  place;  furthermore,  the  diastase  can  attack  the 
starch  with  greater  ease  because  the  cell  walls  give  less 
resistance.  This  action  of  the  sulphurous  acid,  in  general, 
may  be  compared  to  the  dissolving  of  the  inter-cellular 
substan(*e  and  the  cell  walls  in  the  malting  j^rocess,  for 
there  is  no  difficulty  in  rendering  the  starch  of  a  thor- 
oughly dissolved  malt  available  through  moderate  tem- 
jieratures,  for  the  action  of  the  diastase.  The  sulphurous 
acid  is  used  either  as  free  acid  in  a  watery  solution,  or 
in  the  form  of  one  of  its  salts.  The  suli)hurous  acid  of 
connnerce  which  contains  about  6  per  cent  of  acid  should 
be  used  in  the  i)ro])ortions  of  (K4i')  to  0.55  gallon  for  eveiy 
100  pounds  of  corn,  w^tli  sufficient  water  to  cover  the  com 
to  the  depth  of  an  inch  or  so.  During  the  steeping  the 
temperature  must  l)e  maintained  at  about  120**  F.  The 
corn  rapidly  and  with  avidity  absorbs  the  diluted  acid, 
so  that  its  starch  can  afterward  easily  be  dissolved  when 
the  mashing  is  (*ari'ied  out  at  a  tem])erature  of  from  158'' 
to  1()7  V.  For  the  same  purpose  bisulphate  of  soda  is 
also  used ;  about  li  i)arts  by  weight  of  this  should  be  added 
to  each  100  jiarts  of  corn.  Here,  too,  the  steeping  i>e- 
riod  at  a  temperature  of  122""  F.  lasts  about  eighteen 
hours.  In  using  bisulphate  of  soda  so  much  sulphuric 
acid  or  hydrochloric  acid  must  be  added  that  sulphurous 
acid  is  finally  set  free  from  the  salt.  This  released  acid 
while  being  formed,  energetically  acts  upon  the  cell  walls 
to  dissolve  the  same.     Through  this  use  of  free  sulphur- 
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ous  acid,  or  of  sulphite  of  soda,  the  yield  from  the  com 
ean  be  increased  to  3.7  or  3.8  gallons  per  hundredweight 
of  corn ;  but  the  alcohol  produced  is  liable  to  contain  free 
^Iphurous  acid,  and  is  thus  made  unavailable  for  many 
purposes. 

By  the  treatment  with  sulphurous  acid  the  com  ac- 
quires a  yellow  color  throughout  and  is  thoroughly  steep- 
ed. The  soft  mass,  after  being  placed  in  iron  vats  and 
diluted  to  a  liquid  pulp,  is  heated  by  the  introduction  of 
«team  to  183°  to  195°  F.  The  mass  in  each  vat  is  kept  in 
constant  motion  by  a  mechanical  stirrer,  the  mash  being 
allowed  to  stand  in  this  heated  condition  for  one  or  two 
hours,  during  which  the  swelling  of  the  starch  is  com- 
pleted. The  necessary  quantity  of  green  malt,  finely 
crushed  and  doughed-in  with  cold  water,  can  be  added 
•during  this  ** digesting^'  period. 

Finally,  there  is  still  another  method  of  utilizing  suljih- 
urous  acid.  In  this  process  the  com,  uncrushed,  is  steejied 
in  an  acid  solution  which  contains  2.9  to  3.2  ounces  of  acid 
for  each  100  pounds  of  com.  After  twelve  hours  the 
liquid  is  drawn  off.  The  grains  of  com,  whicli  can  be 
crushed  between  the  fingers  like  green  malt,  are  allowed 
to  dry,  and  it  requires  but  a  veiy  slight  jiressure  in  steam- 
ing to  convert  the  corn  to  a  fluid  and  comi)letely  disin- 
tegrated mass. 

B.     Working  Corn  Under  High  Pressure. 

All  artificial  refinements  in  the  working  of  com  have 
become  unnecessarj-  since  it  has  been  discovered  that  the 
grains  can  be  completely  disintegrated  under  higli  j^res- 
«ure  in  the  Henze  steamer.  In  this  method,  which  has 
been  developed  largely  through  the  researches  of  I)el- 
"briick  and  his  associates,  almost  the  entire  starch  mass 
undergoes  disintegration.  Tt  is  to-day  almost  universally 
'employed,  though  the  process  varies  somewhat  in  its  de- 
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tails  iu  individual  distilleries.  The  corn  is  steamed 
eitlier  in  the  whole  grain  or  partly  crushed.  Sometimes 
it  is  also  worked  as  grist  in  a  finely-divided  condition. 

/.    Working  the  Com  in  the  Whole  Orain. 

In  working  corn  in  an  unground  state  the  following 
oonditiona  should  be  observed : 

1.  It  is  necessary  to  iirovide  the  com  with  sufficient 
water  to  stw])  the  starch  completely.  Experience  has 
shown  that  each  100  pounds  of  corn  should  preferably  be 
worked  with  IG  to  20  gallons  of  water  in  the  Henze  ap- 
paratus; however,  it  is  considered  of  advantage  by  cer- 
tain experts  to  limit  the  water  as  far  as  possible.  The 
requisite  quantity  of  water  is  first  placed  in  the  steamer, 
the  lower  steam  inlet  is  ojjened,  and  steam  is  introduced 
until  the  water  begins  to  boil,  whereupon  the  corn  is 
slowly  poured  into  the  apparatus.  The  latter  must  poa- 
s;ss  a  cajiacity  of  40  to  45  gallons  for  each  100  pounds  of 
corn.  ^Vhi!e  it  is  true  that  100  i>ounds  of  com  with  the 
necessary  quantity  of  water  reipiirc  a  ca]iacity  of  but  30 
to  35  gallons,  it  is  also  necessary  to  allow  about  a  third 
of  this  S])aco  for  the  swelling  of  the  grain,  for  the  acces- 
sion of  condensed  water  which  naturally  cannot  be  drained 
ofT,  as  well  as  for  a  certain  space  recpiisifc  in  cooking. 

2.  The  distribution  of  steam  in  the  Henze  apparatus 
slioukl  be  as  thorough  as  )iossible.  With  the  older  forais 
of  steamer,  sinii)le  steam  inlets  arc  not  sufficiently  effect- 
ive, and  special  steam  distributors  are  necessary.  Pig.  25 
shows  an  excellent  type  of  this  device.  No  special  steam- 
distributing  apitaratus  is  necessaiy  in  the  modern,  conical 
form  of  steamer. 

3.  In  working  corn  it  should  be  a  rule  to  maintain  the 
grain  in  energetic  motion  from  the  beginning  to  the  end  of 
the  operation,  so  that  each  individual  grain  of  corn  comes 
into  contact  with  the  necessary  quantities  of  water  and 
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atmospheres.  The  steam  at  this  pressure  is  allowed  to 
act  upon  the  com  for  about  an  hour,  with  constant  escape 
of  steam  and  with  constant  internal  movement  of  the  mass. 
Not  until  the  second  hour  has  elapsed  is  the  upper  steam 
coek  entirely  closed,  and  after  this  for  one-quarter  to  one- 
lialf  liour  the  pressure  is  maintained  at  3  to  4  atmos- 
pheres, care  being  talten  to  insure  that  the  safety  valve, 
which  is  set  for  this  pressure,  constantly  blows  off.  By 
thus  permitting  the  safety'  valve  to  blow  off  the  steaming 
ma»8  is  kept  in  thorough  agitation,  and  this  is  an  essential 
for  energetic  boiling  and  complete  disintegration.  The 
steamed  mass  is  then  blown  out  at  the  ma.ximum  pressure 
through  valves  provided  with  sharp  cutting  and  tearing 
edges. 

4.  It  is  sometimes  advisable  to  steam  the  com  to  a  slight 
degree  on  the  day  before  the  woiking  proper,  and  to  allow 
it  to  stand  over  night,  in  order  to  decrease  the  working 
j»criod.  In  this  preliminary  operation,  the  pressure 
should  not  exceed  2  atraosifheres.  Under  these  circum- 
stances it  is  sufficient,  on  the  following  morning,  to  bring 
the  i>ressure  rapidly  to  3  or  4  atmospheres  and  maintain 
it  at  this  point  for  a  short  time.  The  mass  may  then  l)e 
blown  out  at  once.  If  it  is  desired  to  steep  the  mass  on 
the  ])receding  evening  in  hot  water  in  the  Henze  appar- 
atus, care  should  he  taken  that  the  temperature  does  not 
fall  below  122°  F. — the  souring  or  acid-forming  tempera- 
ture. 

T).  In  working  com  it  is  unnecessary  to  provide  a  spe- 
cially constructed  blow-out  pipe.  The  main  feature  of 
the  operation  is  the  blowing  out  of  the  apparatus  under  the 
maxiiiiuin  pressure.  In  blowing  out  slowly  at  low  pres- 
sure the  mass  moves  sluggishly  through  the  open  valve,  and 
thus  fonns  large  aggregated  lumps  which  are  not  properly 
comminuted.  To  increase  the  force  of  the  blowing  out  of 
the  mass,  the  Henze  apparatus  may  be  provided  with  a 
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has  been  sought  by  many  investigators,  and  to  find  this 
it  has  been  necessary  to  revert  to  working  ground  corn 
under  low  i)ressure.  It  was  shown  by  the  investigations 
of  Delbriick  that  in  this  method  of  working  it  is  necessary, 
above  all,  to  prevent  the  grist,  which  is  placed  in  hot 
water,  from  aggregating  and  forming  lumps.  This  can 
be  aecomi)lislied  by  permitting  the  grist  to  run  into  the 
l)oiling  water  in  a  very  fine  stream,  with  constant  stirring 
of  the  mass  l)y  means  of  an  ordinaiy  wooden  oar  or  stirrer. 
It  is  of  greater  advantage  to  ])rovide  the  Henze  apparatus 
with  a  powerful  stirring  device,  which,  at  the  beginning 
of  the  operation,  shouhl  be  constantly  operated.  After 
this  the  mass  is  cooked  for  an  hour,  as  usual,  without  pres- 
sure; it  is  then  rapidly  raised  to  the  maximum  pressure  of 
li  atmospheres,  and  blown  out  in  tlie  customary  manner. 
In  detail  the  operation  is  conducted  as  follows: 
For  each  100  ])ounds  of  grist  18  to  23  gallons  of  water, 
at  a  tempeiature  of  131"  to  140^  b\,  are  introduced  into 
the  steamer.  The  stin'ing  a]^paratus  is  set  in  motion,  and 
the  grist  is  slowly  poured  into  the  apparatus.  After  nearly 
half  of  the  grist  has  been  introduced,  about  1  to  1^  j  P^^" 
cent  of  ground  malt  or  crushed  green  malt  is  thrown  into 
the  a])])aratus,  and  the  remaining  half  of  the  gi'ist  is  then 
added.  The  contents  of  the  a])])aratus  are  now  heated  to 
the  cooking  tem])erature  in  about  20  minutes.  The 
steamer  is  closed,  and  the  pressure  is  gradually  raised,  so 
than  in  20  minutes  it  is  1  atmosphere,  in  40  minutes  2  at- 
m()S])lieres,  and  in  1  hour  3  atmos]ilieres.  The  mass  is 
allowed  to  stand  at  the  maximum  pressure  for  about  10 
minutes,  and  is  then  blown  out.  If  the  grist  is  less  finely 
ground,  the  steaming  process  should  last  somewhat  longer. 
According  to  Foth,4.5  to  4.(i  gallons  per  100  |x>unds  of  corn 
are  obtained  with  this  method  of  operation  in  Belgium, 
where  15  per  cent  of  kiln-dried  malt  is  generally  employed. 
In  tins  way  it  is  possible  to  obtain  thoroughly  disin- 
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legrated  mashes  from  com  in  the  unbroken  grain,  as  well 
as  from  ground  com,  by  means  of  the  Henze  api»aratus. 
Bnt  the  attending  disadvantage  that  verj-  concentrated 
uaslies  cannot  be  produced,  becomes  an  important  factor 
in  countries  where  tajiation  on  the  "basis  nf  the  raasliing 
capacity  obtains.  Under  such  circumstances,  wlien  it  is 
necessary  to  use  concentrated  mashes,  it  is  hardly  advis- 
able to  use  the  Ilenze  apparatus  for  working  corn,  A(!- 
oording  to  Wittelshofer,  horizontal  steameis  are  better 
suited  for  working  grist  Apparatus  of  this  character  is 
largely  used  in  Belgian  distilleries.  It  is  less  difficult  to 
provide  horizontal  steamers  with  powerful  stirring  de- 
vices such  as  that  of  the  Hollefreund  ai)paratus.  With  tlic" 
agitation  j»rodueed  in  sucli  apparatus  the  iiuantity  of  water 
to  be  added  can  be  so  limited  that  it  is  unnecessary  to  use 
more  than  12  gallons  of  water  jter  100  pounds  of  com, 
while  in  the  Henze  steamer  14  gallons  of  water  on  an  aver- 
age are  necessary  for  the  same  cpinntity  of  gniin.  Fur- 
tliermore,  in  case  of  intcrru])tinii  or  when  repairing  or 
olfansing  is  necessarj',  a  horizontal  steamer  is  more  easily 
Rotten  at  and  can  be  controlled  with  less  diihculty.  In 
devices  of  this  kind,  the  prist  is  tirst  steamed  slowly  with 
constant  stiiTing;  the  prt'ssuic  is  then  tji])iilly  increased 
to  2  or  3  atmospheres,  and  is  mninfained  at  this  ]ioint  for 
a  sliort  time  only,  so  that  the  entiri'  ojicration  from  the 
closing  of  the  steamer  to  tl»^  end,  does  not  last  longer  tiiaii 
an  hour.  In  this  apparatus,  tlioronsh  steam  distribution 
and  a  iiowerful  stirriufi;  dfvi<v  are,  of  course,  necessary. 
The  horizontal  steamer  is  to  he  recommended  lor  use  in 
distilleries  wliere  the  Imilevs  urc  not  ihsigned  for  the  high 
]>ressure  necessary  when  steiniiing  corn  in  the  unbroken 
grain. 

C.     Workiuf,  Cwni  trUh  Stmiii)  Mhicifil  Arifh. 
As  is  well  known,  starch  can  be  converted  into  ferment- 
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al)le  sugar  by  cooking  with  strong  acids,  sucli  as  salpliuric 
or  liydrochlorio  acid.  lu  warm  couBtries,  where  the  prep- 
aration of  malt  presents  difficulties,  this  method  of  work- 
ing the  grain  has  been  introduced  successfully.  For  the 
imrix)ses  of  this  operation  strong  horizontal  boilers  of 
sheet  copper  are  employed.  The  com  is  ground,  and  the 
finer  tlie  resulting  meal,  the  shorter  will  be  the  time  re- 
(juired  for  the  action  of  the  acid.  For  each  100  parts  by 
weight  of  meal  or  grist  400  parts  of  water  are  placed  in 
the  boiler,  and  7  to  8  parts  of  sulphuric  acid  of  10°  to  15° 
Be.  are  added  if  the  corn  is  finely  ground,  or  8  to  10  parts 
of  acid  if  the  comininntiou  is  less  thorough.  The  mass  is 
steamed  for  6  or  8  hours  at  a  pressure  of  "2  to  3  atmos- 
pheres, with  constant  movement  of  a  powerful  stirring 
ajij'aialus;  the  mash  wliicli  lias  acquired  a  brown  colora- 
tion is  cooled  to  tlic  feniieiiting  temi)eiature,  and  the  free 
acid  is  then  carefully  neutralized  by  the  addition  of  milk 
of  lime  or  whiting,  so  that  tlie  mash  still  retains  a  weak 
but  distinct  acid  ruactiou.  The  yield  with  this  method  is 
not  a.s  low  as  might  be  expected,  for  it  is  [(ossible  to  ob- 
tain 'A.'2  to  3.8  gallons  of  alcohol  per  lmndi"edweight  of 
coin. 

Of  course,  the  sjient  wash  from  this  operation  is  useless 
as  fodder,  for  it  contains  large  (luantities  of  lime  salts. 
To  overcome  this  defect,  however,  the  i>rocess  has  been 
modified  by  sacchariziug  the  corn  with  hydrofluoric  acid. 
The  acid  is  neutralized  witli  milk  of  time  and  chalk  so 
that  it  contains  less  than  a  gramme  of  acid  per  liter,  and 
by  means  of  filter  presses  is  then  separated  into  wort  and 
cakes.  The  former  entere  into  sound  fermentation  with- 
out yeast,  and  after  the  cakes  have  been  leached  again 
with  water  and  pressed  they  form  vahiahle  fodder.  Ac- 
cording to  a  method  used  largely  in  France.  5  parts 
by  weight  of  hydrochloric  acid  to  100  parts  of  corn  are 
sufficient,  and  3.4  gallons  of  alcohol  and  7  to  8  ]»onnds  of 
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compressed  yeast  can  be  obtained  from  each  100  i)ouinls 
of  corn. 

After  the  mash  has  been  placed  in  the  fermentiog  vats, 
it  is  mixed  with  mash  of  the  previous  day's  operation. 
As  this  is  in  full  fermentation,  it  induces  feniientation 
rapidly  in  the  new  mash,  and  the  excited  fennentation  is 
complete  in  2  to  2V-;  days. 

D.     Working  Com  by  Means  of  Compressed  Air. 

This  is  a  process  patented  by  Mandcl,  and  experiments 
which  have  been  made  with  it  are  claimed  to  have  given 
satisfactory  results.  The  color  of  tlie  resulting  mash 
was  not  brown,  but  nearly  white,  and  tliis  showed  that 
practically  no  sugar  had  been  lost  by  caniniolizatiun,  and 
that  the  starch  was  more  comiilctcly  disintcgratfd  than 
by  other  means.  Enipyremiiatic  liroducts  wc-ro  foinni 
neither  in  flie  mash  nor  in  the  siiciit  wasli.  In  this  process 
tbe  raw  materiaJ,  eventually  witli  the  necessary  added 
water,  is  heated  or  steamed  to  a  tcmperafun?  i-iirri-spoiid- 
ing  to  tbe  pressure  of  the  atniosphcre.  Tt  is  then  sub- 
jected, by  means  of  comi>ressed  air,  to  a  pressure  of  4  to 
5  atmospheres,  and  is  then  blown  out.  During  the  process, 
and  while  the  raw  material  is  being  blown  out,  it  is  kept 
near  tbe  boiling  temi)eratnre  by  the  introduction  of  steam, 
or  by  heating  the  air  during  compression  to  about  2.'iO° 
P.  The  process  has  heoii  modified  so  that  the  corn  in  a 
finely-crushed  state  is  worked  for  "2  hours  in  a  ITcnzc  a))- 
paratus,  which  is  i)rovi(led  with  a  special  device  for  dis- 
tributing the  steaui  under  a  luessure  of  1  to  li^  at- 
mos]>heres,  Suhsoiiuontly,  the  air  pressure  is  introduced 
by  means  of  a  compression  jmmp. 

E.    Wijrkiii;/  Mallal  Corn. 

Through    jirojier    gerniiuatiou,    the    com    is    so    thor- 
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oaglily  disintegrated  that  the  starch  can  be  dissolved  and 
saccharified,  even  at  low  temperatures,  with  comparative 
ease.  Tims,  if  com  which  is  to  be  worked  is  permitted 
to  germinate,  and  is  crushed  or  preferably  comminuted 
in  centrifugal  iiiiilB,  and  if  then  mashed  with  water  at 
153.5°  to  158°  F.,  practically  the  entire  quantity  of  starch 
which  it  contains  is  dissolved.  This  method  has  at 
tiiiiCB  l)eon  used  in  Hungarian  com  distilleries,  but  with 
fair  results  only  as  couii>ared  with  those  in  more  modem 
jtrocesscs.  Tlie  method  possesses  the  disadvantage  that 
during  the  gennination  of  the  corn  micro-organisms  are 
jtroduced  which  are  injurious  to  fermentation,  and  fur- 
tlicnnore,  certain  quantities  of  starch  are  consumed 
llinmgh  resiiiration.  Therefore,  this  method  has  been 
generally  abandoned. 


/''.    Working  Mixtures  of  Potatoes  and  Corn. 

fn  fiiis  method  the  com  and  potatoes  are  separately 
<iisiiitt'grated,  generally  in  Henze  steamers,  though  some- 
liiiK's  tlio  potatoes  are  worked  in  a  Hollefreund  or  Bohm 
)ip|ianitus,  wheiein  the  mass  is  rendered  more  fluid  by  the 
aiidition  of  malt.  According  to  Delbriiek,  however,  the 
Tiiw  materials  may  be  worked  togetlier  in  a  Henze  steamer 
liv  straining  tlie  corn  for  a  certain  period  before  the  eu- 
Iric  .]iiiniiity  of  ))otatof's  is  introduced  into  the  apparatus. 
(IciH'rally.  flic  cone  of  the  steamer  is  partially  filled  with 
pofatoes,  and  upon  tliis  lower  layer  is  ]ilacod  the  entire 
qiijuitity  of  com  to  be  worked.  Water  is  added  at  the 
rate  of  S  or  0  gallons  for  each  hundredweight  of  the 
grain.  Steam  is  then  introduced,  and  the  rest  of  tlie 
pntnfocs  is  |ilaced  in  the  apparatus;  after  steaming  for  1 
to  1 1 -J  hours  under  a  pressure  of  4  atmospheres,  the  mass 
is  blown  out  of  the  apparatus.    If  the  potatoes  are  poor 
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throughout  aud  will  be  uniformly  steeped.  By  gelatiniza- 
tioD  with  acid  the  albumiuous  substances  are  more  thor- 
oughly dissolved  and  deeoiuijosed,  so  that  the  mash  loses 
its  sticky  character  aud  becomes  more  mobile.  In  mash- 
ing, the  gelatinized  grain  is  gradually  brought  to  the 
sacchariziug  temi»erature,  147°  to  151."  F.,  witli  constant 
working  of  the  stirring  apparatus.  If  com  is  being  mashed 
witli  the  rye,  the  mass,  to  which  has  been  added  one- 
tliird  of  the  total  malt,  is  slowly  brought  to  this  tem- 
I-orature,  aud  is  maiutaiued  at  that  point  for  about  Iialf 
an  hour.  After  this  the  rest  of  the  malt  is  added  with 
constant  stirring,  and  after  the  accession  of  the  malt  the 
temperature  is  again  brought  to  149°  F.  After  the  mass 
lijis  stood  for  another  lialf  hour,  it  is  allowed  to  cool. 
Soiiiftinies  the  total  quantity  of  malt  is  added  at  the  be- 
ginning of  the  oi>eration,  the  mash  l)eing  slowly  brought 
to  the  sacoharizing  temiwrature,  maintained  at  that  point 
for  fliree-(|uarters  to  one  hour,  and  then  cooled.  Some- 
tinit's  the  operation  is  so  conducted  that  one-sixth  of  the 
total  (juaiitity  of  malt  is  retained,  and  this  part  is  not 
introduced  into  tlie  mash  until  the  cooling  is  in  progress, 
tiiat  is,  directly  before  the  yeast  is  added.  This  late 
addition  of  a  part  of  the  malt  has  two  advantages — foam- 
ing is  avoided  on  the  one  hand,  and  on  the  other,  a  strong 
after-fennentation  is  induced.  The  latter  is  due  to  the 
imwcakeneil  state  of  tlie  diastase  and  to  tlie  strong  after- 
saccharizing  efficacy  of  the  malt.  It  should  be  men- 
tioned, however,  that  this  part  of  the  malt  is  deprived  of 
the  disintegrating  and  purifying  action  of  the  higher 
mashing  temperature,  and  thus  the  jnirity  of  the  fennenta- 
tion,  as  well  as  the  yield,  is  injured,  especially  if  the  malt 
is  of  inferior  riualit^-.  In  everj-  case  the  remainder  of 
the  malt  nmst  I>e  as  tinely  divided  as  jiossible.  and  if  the 
mashing  capacit\-  is  not  taxed,  it  should  Be  converted  into 
malt  milk,  preferably  with  cold  water. 
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2.    working    Uncruthed  Grain    Under   High   Prea»ure. 

In  this  method  of  working,  the  grain  must  iiiKt  In- 
completely  cooked  and  then  furtlier  disintegnitc-d  iiiidtT 
iiigii  pressure,  being  finally  blown  out  of  the  apiianiliw 
under  the  maximum  pressure.  About  'Hi  to  l^.'t  gallons  iif 
water  are  placed  in  the  Ilenzo  appaiatuK  t'cn-  I'ach  HIO 
ponnds  of  rye.  The  water  is  brought  to  the  bniling  puiiit, 
and  the  rj'e  is  then  gradually  added,  wliilc  tin-  walcr  i.s 
kept  in  constant  motion  by  means  of  iiitrodai'cd  slvaiti. 
First  the  mass  is  cooked  witli  the  steam  valve  opi'ii,  and 
for  a  period  of  such  length  that  the  grains  art-  fully 
softened.  Tlie  pressure  is  now  increased,  tin-  binw  nut. 
valve  remaining  open  that  tlie  iriass  may  contiuur  to  he 
agitated,  and  the  steaming  is  eontinueti  uridi-i'  thesf  ['nridj 
lions  for  an  hour.  Finally,  with  closed  valve,  llie  piessure 
is  increased  to  3  or  4  atmosi)lieres,  and  is  niaintaliied  at 
tbis  point  for  about  half  an  lumr,  whcreupim  llic  tnass  is 
blown  out.  "With  normal  rye  the  nielliod  of  winking  llie 
^raiu  uncruahed  presents  uu  dilTiculiy;  if,  lii)\v<'ver,  dis 
eased,  musty,  or  wet  rye  is  of  necessity  eiii|.|<)\eii.  the 
method  descrilwd  above  is  not  capalilc  nf  utilization,  evert 
with  high  ])ressure,  as  the  disiiitegrjitiniT  is  unsiitisrncluiy. 
Rye  of  this  kind  does  nut  swell  sullieicnily  during  llie 
cooking  previous  to  the  sfeatniiig.  and  the  gclatinizatinn 
of  the  starch  is  incomph'te  in  cousc'iuence.  Accinding  In 
the  investigations  of  Delhriick,  it  would  a]»pcar  ndvisaMi- 
to  steep  tlie  rj'e,  jirior  to  the  steaming,  for  a  jieriod  of  \'2 
hours,  in  water  at  a  teinperaturo  of  I'li"  V.  in  a  wtmden 
vessel  provided  with  draining  ap)>aralus.  Sulphuric  acid 
should  l)e  added  to  the  water  in  the  ))roportions  of  (iuii 
cubic,  centimeters  of  acid  to  each  Ull)  gallons  nf  water. 
On  the  completion  of  the  jierind  mentioned  the  acidulated 
water  is  allowed  to  drain  off.  and  the  i-ve  is  then  placeil 
in  the  Henze  apparatus;  after  the  proper  (pinntity  of 
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water  has  been  added,  the  mass  is  cooked  with  blowing 
safety  valves,  first  for  one  hour,  and  then,  iinder  heavy 
piessure,  for  a  second  hour,  after  which  it  is  blown  out. 

If  there  arc  difficulties  in  completely  disintegrating  the 
rye  with  the  above  methods,  it  is  necessary  to  dry  the 
gniin  before  working.  This  is  best  accomplished  in  a 
kiUi ;  in  umall  plants  where  such  is  not  available,  the  grain 
may  I)o  dried  by  spreading  it  out  upon  the  boilers. 
With  grain  which  lias  been  thoroughly  dried,  the  prepara- 
tory steejiing  can  usually  be  neglected.  Rye  worked 
under  high  pressure  yields  inferior  spirit 

.1.    Sleaming  Mixlurei  of  Rye  and  Potatoes. 

The  working  of  lye  and  potatoes  in  mixtures  is  carried 
out  in  certain  distilleries  for  the  production  of  ])otable 
s|iirit,  i)r  in  case  of  failure  of  the  i»otato  crops.  The  grain 
is  naturally  uised  in  an  uuground  state,  and  is  ahnost 
always  worked  as  described  above,  with  preparatoiy 
steciiing  or  ])reparator^'  drj'ing.  When  this  operation  is 
coiTiploted,  the  rye  and  potatoes  are  together  placed  in  tlie 
Uenze  a|)paratu8,  in  such  fashion  that  three  to  four  hun- 
dredweight of  potatoes  arc  first  jilaced  in  the  lower  part 
of  tlio  cone;  above  these,  the  rye  is  introduced,  and  upon 
tile  latter  is  ))oured  tlie  remainder  of  the  potatoes.  With 
this  arrangement  it  is  possible  during  the  steaming  to 
draw  off  the  condensed  and  natural  water  without  loss  of 
rye.  After  the  natural  water  is  drawn  off  the  steaming 
from  below  is  continued  for  one  to  one  and  a  half  hours, 
and  after  the  pressure  has  Iwen  gradually  increased  to 
.'{  or  4  atmospheres,  the  mass  is  blown  out. 

The  yield  in  the  working  of  rye  with  kiln-dried  malt 
customary  in  German  grain  distilleries  is  usually  alx)iit 
.'?.()  gallons  of  alcohol  per  100  pounds  of  grist  to  which 
15  Iter  cent  of  malt  has  been  added,  that  is,  if  the  process 
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of  numofacture  is  properly  conducted.  In  iudividiial 
plants  where  greater  quantities  of  malt  and  firstrcliiss 
grain  are  uaed  with  a  view  to  improTing  the  taste  uf  tli<! 
whisky,  the  yield  may  be  3.8  gallons  or  even  more.  In 
mashing  com  with  the  rye,  the  yields  are  almost  always 
higher  than  when  rye  and  malt  alone  are  used. 

Mixtures  of  wheat  or  barley  and  jiotatoes  cnii  be  suc- 
cessfully worked  without  crushing  the  grain  if  the  latter 
is  steeped  for  12  hours  in  acidulated  water,  as  doscrilicd 
above.  The  mass  is  placed  in  the  steamers  similarly  as 
for  mixtures  of  potatoes  and  rye,  and  here  too  the  lowest 
layer  of  potatoes  is  made  to  serve  as  a  sieve  throiigli 
which  the  condensed  and  natural  water  drains  from  tliu 
layer  of  grain  above. 


PART    VII. 

THE  riASHINQ  PROCESS  AND   APPARATUS. 

I.— THE  METHODS  OF  OPERATION. 
1.— The  Purpose  of  flashing. 

BY  steaming  potatoes  or  grain  the  starch  is  gelatin- 
ized, or  il  high  pressure  is  used,  partially  dis- 
solved; but  neither  dissolved,  nor,  still  less,  merely 
^i  latinized   starch  is  capable  of  fermentatioL-     Conse- 
<jiicntly,  the  starch  must  now  undergo  an  operation  where- 
by it  is  converted  into  sugar,  a  substance  which  is  cai)able 
of  direct  fermentation.  For  this  purpose  malt  is  added,  as 
the  diastase  of  this  substance  converts  the  starch  into  sugar 
(maltose);  this,  however,  is  not  directly  capable  of  fer- 
mentation, but  is  transfonned  into  fermentable  sugar  (gly- 
cosi')  through  the  enzyme  of  the  yeast.   The  conversion  of 
tlie  starch  into  sugar  is  not  as  smooth  a  process  as  would 
appear,  nor  is  tlie  starch  converted  directly  into  sugar; 
intermediate   products  are   first  formed   in  every  mash. 
These  intermediate  products  are  the  dextrins,  and  these 
also  are  not  directlv  fermentable.    The  conversion  of  the 
starch  into  sugar,  the  saccharization,  is  most  nearly  com- 
plete when  the  greatest  possible  (juantity  of  sugar  and  the 
least  ])ossible  quantity  of  dextrins  are  fonned.    To  effect 
the  best  saccharization  of  the  mash  a  number  of  consid- 
erations nmst  be  given  attention. 

2.— Principles  to  he  Considered  in  flashing. 

a.  In  the  action  of  diastase  upon  starch,  the  proportion 
of  maltose  fonned  increases  with  the  dilution  of  the  liquid 
in  which  the  action  is  effected.  It  increases  with  the 
<luration  of  the  action,  with  the  quantity  of  diastase  used, 

ISO 
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.•II.    Tlii'st'  inu'ro-in>riiiHsiiis  are  not  destroyed  at  tcm- 
i  i.ilinrs  r;iiij:iiij;  between  122'  and  133°  F.,  wliile  at  146' 
ilu>    ;ui'  iif:ii!y  all  so  weakened  that  there  is  little 
;itit:<T  .'I  llii'if  injiirinir  tlie  fennentation. 

ri;iis.  {Ill  re  ai'peais  to  bo  a  complete  paradox  in  the 
■.".■.■  .'1'  a  masliiriir  teiii|n'rature.  Tlie  temperature  most 
iViM.ilOe  iiM  Miliar  formation  lies  between  1J2°  and  133° 
\\:i  ti"-.  .  .■iiiiiol  be  eliosen  if  we  give  due  consideratiou 
;:.■  .,:!,-ii,Mi  of  liie  disintegration  of  the  malt  stareh 
«,'.!  .-.■.  t.'  li-f  tiestnu'tinn  of  inimical  mici-o-organiams; 
,■    ;-.■  '..•■,i\l  t'\    these  reasons  to  choose  a  higher  tem- 

■  ■.'.■.:■..-.  .;:  whiih.  Oil  llie  one  hand,  the  sugar  fonuation 
■■.•.■,■•  .'■■.■,  ;iv.d  iMi  the  other  hand  the  necessary  after- 

.■■■  ,  ■  ■■■•  .i.i-ia-if  dining  the  fennentation  is  retarded. 
I'.-'-.-.;;.  ^ .  a  .■.'nipromis<>  for  these  paradoxical 
■  •.,■■.,■■;..  'MS  Wt-r.  teund  in  tltat  the  diastase  is  able 
r.-.'.i  '  .,■  i.'-ti"atiires  much  more  successfully  in 
v.i ,  c.  ■■■  •.■,:mi.  !i;;iti  in  watery,  dilute  solutions. 
■'■!!i.  ^.  I. •:■,.•!■:.  I  «::■:  I'ai.oM.  lias  sliown  that  diastase 

.>'ni' i.'i  ■■::  -.i;i;;ir  .ail  wtliistaiid  temperatures  as 

■'■  I-.  I  I"  w  I')  W  «!i!;.'ii[  being  substantially  weak- 
.J  «!i!li-  111  w.ak  -.'liiiN'tis  its  etlicacy  is  greatly  diuiin- 
^.1  ,ii  I  .o  I'  A-i  a  rule,  it  is  inadvisable  to  eniploy 
.  Ii.iii  iiii;  ii'iiii'italiires  al'i've  Id'    or  \-HV  F.,  and  witli 

■  iiiMiinnini  i|uamiiy  iif  luali,  even  these  temperatures 
■hM  ih'l  be  u-!.'d;  .■ireimistaiuvs  may  nevertheless  arise 
«ln.  h  It  would  appear  imperative  to  increase  the  sae- 
III  Ills'.  bviipiTatui-.'.  Higher  Iciiipenitures  would  seem 
iii.ularly  ciVeetivc  in  working  ahnoriiial  or  objeetion- 
.■  ia«    iii.-it.'i'ial.  insuring  |>urity   in  the  fermentation. 

•11.  Ii  .■:iscs  (1  is  absolutely  necessary  to  have  the  rise  in 
il'i'iiihiic  as  graihial  as  possible,  so  that  the  fonnation 

.iitli.-i.'iit  sugar  may  take  phnv  hefoiv  the  temperature 

le.i'it'iis  lo  the  iHastase  is  reached. 

f    hia-Hlase  is  most  strougly  active  iu  solutions  which 
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tlie  mass  in  the  Henze  apparatus  is  blown  oat  into  the 
preparatory  mash  vat,  so  that  the  desired  final  tempera- 
ture is  attained.  At  tliis  high  temjierature  the  malt  starch 
is  dissolved  and  saccharized,  while,  simultaneously,  the 
injurious  niifro-organisms  are  largely  destroyed.  In  con- 
Botiucnoe  the  best  possible  mash,  completely  saccharized, 
4piitt'  free  from  fungi,  and  with  well-preserved  active  diaa- 
tasi',  is  jiioduced. 

Tilt'  mash  is  allowed  to  stand  for  a  certain  period  at  the 
saiThariziiig  teiiii)erature.  Formerly  it  was  considered 
advisalilo  to  jiermit  this  period  to  last  from  one  to  one 
inid  a  half  hours;  at  the  present  time,  as  the  blowing-ont 
pi'vidii  is  longer  and  as  the  saccharization  has  progressed 
hnjii'ly  during  the  blowing  out,  tliis  period  is  consider- 
ably shorti'iic'd,  Willi  a  good  quality  of  malt,  proper 
I'flicii'ucy  of  the  maslilng  a]>|)aratus,  and  normal  operation 
dui'ing  sti-iiiniiig  and  mashing,  the  saccharizing  period 
can  (ilUii  lie  dwrease<l  to  20  to  25  minutes  without  detract- 
ing rroiii  the  success  of  the  operation.  In  some  distiller- 
ies sjiccliariwition  is  allowed  to  continue  for  an  hour  and 
lunger,  even  to-day.  The  circumstances  and  the  metliod 
<il  ntienitinn  in  the  individual  |>lants  should  be  taken  into 
ciiiisideratinn  in  choosing  the  duration  of  the  saooharizing 
[leiioiL  Mashing  metliods  differ  in  the  manner  of  adding 
llie  niiill.  Many  distillers  make  it  a  jirinciple  to  add  the 
loliil  niiilt  to  the  mass  in  the  iirejiaratory  mash  vat  as  soon 
lis  [idssilile,  with  the  idcii,  properly  enough,  that  the 
InngiM-  the  malt  in  its  totality  exerts  its  saocharizing  eflfect 
njion  tlie  niiisli,  and  tlie  longer  it  is  subjected  to  the  puri- 
lyiiig  action  of  the  mashing  temperature,  the  completer 
will  lit'  the  results  of  the  mashing.  Others  prefer  to  add 
I  he  malt  gradually,  in  small  quantities  during  the  blowing 
out,  to  avoid  as  far  as  possible  the  danger  of  scalding 
the  diastase.  Others,  again,  prefer  to  divide  the  malt  so 
that  two-thirds  of  the  total  quantity  is  placed  in  the  fore- 
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4.-nubla8;  Barley,  Rye,  Wheat,  and  OaU. 

Tho  prnin  is  pi-eterably  ground  to  a  fine  grist,  and  if 
till'  iiiatt'rini  is  very  hard  and  horny,  it  is  bolted.  Crushed 
malt,  which  forms  a  tiutfy  mass  with  the  glumes  not  too 
fiiH'ly  comininuti'd,  is  used.  The  preparation  of  the  mash 
may  Ik-  carrietl  out  in  two  ways — by  mashing  in  two 
periods,  or  in  one. 

Id  llu-  tirst  niethod  the  requisite  quantity  of  grist  is 
(U)UKhi'd  in  with  lukewarm  water,  previous  to  the  actual 
iimshiiiK.  This  operation  should  be  perfonned  witli  care 
1(1  iiiKiire  that  no  lumps  are  fonned,  and  should  the  latter, 
nevertheless,  occur,  they  must  be  broken  up  by  being 
t'dvci'd  through  the  meshes  of  a  sieve.  The  mass  should 
be  t1ior()U>rhly  worked,  and  should  not  exceed  the  maxi- 
muni  tciiipi'rature  of  111"  F.  It  should  be  constantly 
stirred  and  sliuuhl  be  heated  to  the  mashing  temperature 
by  the  acUiitioii  of  boiling  water.  If  the  agitation  of  the 
TiiJiss  by  the  «tirrer  is  not  energetic  enough,  it  may  be 
lieiiled  by  the  introduction  of  steam.  The  mash  is  then 
allowed  to  stand  one  hour  for  sacrharification. 

Ill  mashing  in  a  single  iwriod  the  malt  and  grist,  with 
constant  agitation,  are  gradually  introduced  into  the  en- 
tire ([uantity  of  water,  heated  to  a  temperature  of  161.5° 
to  I7()"  l'\  As  it  is  difficult  to  keejj  the  mass  free  from 
lumps,  and  because  of  the  consequent  losses  in  starch,  this 
mclliod  is  not  recommended  for  general  use.  Further- 
more, the  high  temi)erature  impairs  the  eflScacy  of  the 
diastase. 

The  nuxle  of  mashing  in  use  in  many  English  distil- 
leries consists  in  the  jireparation  of  clear  saccharine  fluids, 
which  are  called  worts.  According  to  Brannt,  the  mash 
vats  lire  provided  with  mechanical  contrivances  similar  to 
those  already  described.  The  grain  is  tinely  commin- 
uted lK>tween  millstones,  and  the  malt  is  crushed  by 
means  of  rollers.    The  mashing  is  generally  effected  in 
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lirst.  wt'oiid,  and  tliird  niashings  are  evaporated  until  the 
inixliiiv  lU'tiuirt's  a  sjiecific  gravity  of  about  1.05,  when  it 
is  tliouRlit  to  Ik?  roady  for  the  fermenting  vat,  the  fourth 
tujisli  Iicing  reserved  for  extracting  fi-esh  quantities  of 
grist. 

Till'  chief  advantage  of  preimring  clear  worts  is  that  all 
iiisoluhle  Hilniixtiires  inimical  to  the  purity  of  the  product 
are  exchuled  fnini  the  fermenting  mash,  the  oils  of  a 
lueuliar  and  always  disagreeable  odor  being  develoijed 
t'i'oiii  the  grains  alone.  A  further  advantage  is  tliat  clear 
worts  enable  the  distiller  to  make  use  of  practically  any 
kind  of  still,  even  one  heated  by  an  open  tire,  while  thick 
(iiaslies  rei|uirt'  stills  of  siHicial  construction.  But,  on  the 
otlier  hand,  the  yield  of  alcohol  obtained  from  them  is 
never  so  large  as  that  from  thick  maslies,  as  it  is  scarcely 
|>(issilile.  except  with  very  eoniplieated  devices,  to  extract 
eveiytliiag  that  hoconies  soluble  during  saccharizatioo. 
I>('si<li's.  all  the  starch  of  the  grain  is  never  entirely  con- 
verted into  soluble  products,  and,  as  has  been  proven  by 
many  experiments,  a  portion  of  the  starch  which  remains 
undissolveti  bwomcs  available  aftenvards  during  fennen- 
liitiim.  Hence  this  portion  is  entirely  lost  as  regards  the 
yield  (if  s}>iiit.  as  well  as  a  portion  of  the  starch  dissolved 
by  Ibe  mashing  process. 

Under  an  acenmalation  of  maltose  the  energetic  action 
of  the  enzymes,  which  litiuefy  the  starch  and  form  the 
siigni',  is  in  time  entirely  prevented.  Thus,  it  is  i>os8ible 
to  convert  all  the  starch  into  maltose  in  verj'  dilute  solu- 
t'tniis  only  or  by  the  use  of  large  quantities  of  malt  under 
s]iccial  eon<litions.  The  mashing  process  of  Porion  is 
based  upon  the  fact  that  if  the  sugar  can  be  removed  as 
it  is  formed,  the  starch  can  be  converted  into  maltose  in  a 
comparatively  short  time.  The  method  as  elaborated  by 
the  inventor  re<iuires  but  2  to  3  pounds  of  beer  yeast,  and 
at  the  most  5  jiouuds  of  malt  for  each  100  pounds  of 


rr.r^^'-.z.  <-A  xlLa  «7UEir.  j'-i-tij^  itiZ  reEaias  to  raider  the 
',.^.  -.t  :Lf..&!:#^  i:r  a^.^'iiiiiL  lE'rcarati'iE.  pni'tiabie.  In  ap- 
;'ra.-ar.r^  tiift  sioiajse-  U  ■;■!:'  a  j-iL':w  :o  fcrown  or  brownish 
r..»r-x  ■'*.>;r.  In.  g.-rir'-'5  :il-:  !a&s*is  It  ^  dret  dilated  with 
xa-«-  ti',  >;  ro  !■•  ttr  -^e.:  ■:■£  miliar  t.x~c*wntration.  thongh 
fr-^.itrr.-lv  ;:  :i  TB-ors-^i  :=.  a  still  more  .Mjcoentrated  state — 
A'r.'f.-.i  '.'j  b4.  'SLy^~st^  r^iei^aastr  of  :E  Tisoiditr  is  dilated 
Tc;*.'.  TfaWrr  in  ilLxIzz  va:^  ^  r':vi.ieti  with  powerful  stir- 
ring a:t,liaL-*s.  or  r.y  "-^nr-i  .-l  a  *teaai  jet. 

Kaw  ^-Qzar  t^E.  -if  ■>:sr'it.  r^^  feni:*iited  directly  in  the 
Gnuai  rriaciier.  i-rtfrra'r'.y  after  Wmg  dissolved  in  hot 
wat<^r  and  a'ttr  •iilati':ti  to  the  proper  point.  To  accel- 
#:rat»r  i!i*  protress  of  iVnut-ctati-jc.  which  is  normally  a 
j^low  oDft,  snlphari'?  aolii  may  be  added.  The  nse  of 
^hifrfiir^  and  srrai:*  sniiar  fi:'r  aI'-i>iiol  prodnction  presents 
*<;rtaiQ  difficulties,  tboaeh  the  I'n.-.'ess  is  the  same  as  for 
raw  sutfar  and  inolasstr?,  A  solution  of  suitable  concen- 
tration is  iTei>are>l  aud  is  iVrcit-nted  at  the  proper  tem- 
p'rrature.  after  Vieins  aoidulatM  witi;  sulphuric  acid.  Cane- 
•uiiHT  molasses  is  generally  work<Hl  iu  the  same  manner  as 
cant'  susar.  If  the  molas<fS  is  alkaWue.  it  is  absolutely 
ije*-<;ssar\-  to  use  sulphuri*;  a<--id  with  the  mash. 

I1.-THE  APPARATUS  LSED  IN  MAMilNO. 

The  apparatus  used  in  mashing  cau  be  divided  into  two 
classe." :  First,  those  which  are  not  provideil  with  water  _ 
rooliitff,  and  whit-li.  naturally,  require  special  devices  for 
(■tyoWtiK  the  niasli  to  the  fcnuuiitiug  temperature;  and,  sec- 
ondly, tiiost*  wlii<-h  are  ].rovided  with  water  cooling,  aud 
in  which,  coiisciiuently,  not  only  llio  cooling  of  the  mash 
(o  the  sac<-liiirizing  temperature,  but  also  the  cooling  to 
llic  I'fnncntinK  tein|X'rature  after  the  tennination  of  the 
sjir-charlznllon,  can  !«  effected.  In  installing  new  appa- 
ratus, niashing  vats  provided  witli  cooling  apparatus 
«1h.uI<1  HlwiivH  Im;  chosen;  these  are  cheaper,  and  i>ermit 
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filially,  the  vat  has  heen  provided  with  an  efficient  cooling 
coil  or  worm.  The  apparatus  can  be  recommended  be- 
cause of  its  excellent  construction,  good  mashing  action, 
rapid  cooling,  and  easy  cleansing.  Mash  vats  similar  to 
that  of  Pauckseh's  are  constructed  by  A.  "Wagener,  Ciis- 
trin,  Oermany.  Among  the  innovations  which  these  show 
arc  copper  cooling  pipes,  which  can  be  taken  apart,  and 
arched  bottoms.  The  diameter  of  the  apparatus  ia  two  to 
three  limes  its  height.  The  driving  shaft  is  located  in  spe- 
cial bearings,  and  is  provided  with  conical  gears  having 
teeth  of  special  constniction.  These  vats  can  be  recom- 
mended because  of  their  excellent  and  strong  construction 
and  their  proven  high  efficiency. 

The  modern  systems  are  almost  all  provided  with  water 
fooling,  and  the  examples  below  are  given  as  typical  of 
tlici'p  constructions.  In  general,  all  the  latest  preparatorj' 
mash  vats  can  be  said  to  accomplish  their  purpose  efFect- 
nally.  The  manufacturer  has  been  able  to  meet  the  re- 
quirements of  the  distiller  in  constructing  these  devices, 
and  the  efficiency  of  the  ap]iaratus  is,  on  the  whole,  coin- 
]iaiatively  high.  The  following  i>oints  should  not  be  lost 
sight  of  in  choosing  a  vat:  The  device  should,  first  of 
all,  possess  a  jiowcrful  mashing  action,  in  order  that  a 
rapid  and  unifonn  mixing  of  the  mashed  raw  material  can 
))e  effected,  with  rapid  e<iualization  of  the  temperature  in 
all  ])aits  of  the  mash,  in  the  mashing  vat;  further,  an 
efficient  cooling  system  must  be  provided  in  tiie  vat,  and 
this  should  be  so  constructed  that  it  can  be  taken  apart 
without  difficulty,  that  it  may  be  cleaned  internally  and 
externally  with  great  thoroughness.  The  cooling  of  the 
mash  to  the  pitching  temperature  must  I>e  possible  of  ac- 
complishment in  three-quai-tors  to  one  hour,  and  in  tliis 
operation  the  consumption  of  cooling  water  at  a  tempera- 
ture of  50°  F.  should  not  exceed  two  gallons  per  gallon 
of  mash.    Finally,  the  entire  mashing  apparatus  must  be 
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il  laii  111'  closely  ailjusli'd  at  /.    Thus,  the  mass  is  blowii 
(lilt  into  tJn'  iirc|ianit»iiy  iiiaHli  vat  tlirouph  tiie  narrow  an- 
nular slot  at  /  in  tlio  Conn  of  a  thin  bell-shaiHxl  stream. 
TK'rc  it  is  iiinnediafcly  incorporated  in  the  rapitlly-stirred 
niasli  without  local  overheating,  and  is  at  once  thoroughly 
mixed  with  tiie  latter.    The  Ilampel  vat  is  provided  with 
a  sinij)]e  but  veiT  effective  flighter  oo,  and  a  system  of 
fooling  iiockets.     The  cooling  water  enters  at  the  bottom 
of  the  \\\\.  and  ]iasses  npwardly  through  a  pipe  into  a 
hollow    cast-iron    beam 
(7i,  to  which  the  cooling 
pockets    are    attached. 
■*—  The  latter  are  usually 
oonstiTicted    of   cop]ier, 
and  liave  internal  i>arti- 
tions.  so  that  the  water 
tlows  down  one  side  of 
tlif  cooling  pocket  and 
u|>  the  other,  and  thus 
l)asscs    from   pocket  to 
(locket  until   it  escapes 
„     „      ,,  ,.       „     „  it   'i.   from  the  hollow 

Fid.  "I.— IIami'ki,  HiJi«-OiT  Dkvickfub    ,  ™, 

HuN/K  Ai'i'AiiATis,  iH'inu.     Ihe  same  pnn- 

ciple  is  made  use  of  in 

practically  all   the  systems  employing  cooling  pockets. 

but,  as  said  before,  it  was  first  intrwluced  in  its  perfected 

fonn  by  llani|iel. 

Kntirely  different  from  the  aijjiaratus  described  so  far 
is  that  of  Pampe,  illustrated  in  Fig,  32.  This  consists  of 
a  closed,  cylindrical  fore-niashing  vat,  a  vortical  shaft 
passing  tlu'ough  the  center  of  the  same,  and  n  hollow  col- 
UDiD  located  within  the  vat.  The  last  has  a  pear-sbai)ed 
lower  portion  and  a  plate-like  surface  at  its  upjter  part,  as 
is  shown  by  the  light  broken  lines  in  the  engraving.  The 
pear-shai)ed  portion  contains  a  pninp  of  the  centrifugal 


it 


Kwiy  .h'liiaiulof  tliotiuul- 
fiii  iiictliiMl  of  mashiiij;  is 
lully  iin't  ill  the  preparatoiy 
iiuisli  v;il  coiistnicted  by  flu' 
II.  K.  Kck*Tt  Company,  of 
r>t-i'1iii,  wliicli  is  sbowii  in 
I-'ijrs, ;!:'  anil  :U.  This  appar- 
atus is  tlt'siiirifcl  particularly 
for  coiicciitrnti'd  mashes;  it 
is  of  cyliiHlri.-al  fonn  with  a 
('oiiit-al  bottom  pro.ii'('tiiijr 
dowiiwani  from  the  Iwdy. 
Witliiii  flic  body  are  a  hori- 
111  iMi  Ei.vMKVT  Of  ssoiital  shaft  and  a  rod-atir- 
r  MAHHiMi  Vat.       ring  device,  wliich  is  driven 
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^y  the    shaft,    and    which   works    tlirougli    the    cooling 
system. 

The  latter  comprises  straight,  brass  tubes,  and  two  cast- 
iron  head  and  connecting  pieces.  The  tubes  pass  through 
the  heads  and  are  joined  together.  They  are  secured  to 
wch  other  by  these  heads,  which  are  held  in  place  by 
screws.  The  cooling  eflSciency  of  this  system  is  high,  and 
to  it  is  easily  taken  apart,  it  possesses  the  advantage  that 
the  cooling  i^ipes  can  be  internally  cleansed  without  diffi- 
culty; the  power  consumption  of  the  apparatus  is  coiii- 
PWatively  small,  notwithstanding  that  the  mashing  action 
*tllO  to  120  revolutions  per  minute,  is  an  excellent  one. 

The    necessity    for    working    extremely    concentrated 
pwishes,  severely  taxing,  as  it  does,  the  stirring  a])i)aratus, 
^*  the  reason  for  the  very  massive  consti-uction  and  the 
strong  arrangement  requisite  in  ])rei)aratory  mash  vats, 
-^n  ordinary  rotating  mill  is  no  longer  sufficient,  and  with 
Present  methods,  particularly  powerful  stirring  a])paiatus 
^nst  be  provided.    An  ai)paratus  ca])able  of  efficient  oj)- 
^i^tion  with  even  tlie  thickest  mashes  is  that  constructed 
hy  C.  F.  Bohm,  Fredersdorf,  Germany.     This  is  shown 
'liFig.  35.    In  the  construction  of  this  tyj)e  of  ai)i)aratus, 
all  those  considerations  which  enter  into  the  design  of  an 
eflScient  mash  vat  have  been  given  proper  attention.     A 
most  thorough  working  is  etiected  by  stirring  anus  mount- 
ed upon  a  vertical  shaft;  they  extend  almost  to  the  wfill 
of  the  vat    The  anns  travel  between  the  straight  tubes  l)y 
means  of  which  the  device  is  cooled,  and  effectively  stir 
the  contents  of  the  vat,  even  if  the  nuish  be  of  the  most 
highly  concentrated  character.    The  agitation  of  the  con- 
tents of  the  vat  is  assisted  by  the  straight  cooling  i)ii)es 
which  prevent  the  mash  from  rotating  with  tlie  moving 
stirring  arms.     Conse<iuently,  the  temperature  is  i)racti- 
cally  uniform  in  all  parts  of  the  mass.     As  the  stirring 
apparatus  rotates  comparatively  slowly,  it  requires  but 
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little  iiower  to  drive  tlie  mechanism.  The  bearings  in  the 
aiiiiariitiis  are  of  sjwcial  construction.  The  cooling  sys- 
tem, consisting  of  straight  tubes,  cools  the  mash  rapidly 
to  the  desired  temperature,  and  requires  a  comparatively 
small  amount  of  water.  The  cooling  elements  can  be 
cleinied  with  the  greatest  of  ease,  as  the  individual  tnbe^ 
can  Iw  freed  from  aliuie,  dirt,  etc.,  by  a  simple  bmsliiofi 
out  witli  a  proper  utensil.    This  is  a  decided  advantage,  O^ 


Fro,  35. — Ki.KVATios  a.nu  Plan  View  of  Boiisi"h  M.( 


under  these  eircmnstaneos  the  cooHug  efficacy  always  re- 
mains iniil'oriii.  Tlic  internal  construction  of  the  appa- 
ratus is  such  tliat  there  are  no  comers,  projections,  etc., 
wliicJi  can  interfere  with  easy  and  rapid  cleansing.  An- 
otlier  apiiaratus  of  Bolnn,  wliich  is  provided  with  a  single 
cooling  worm  or  coil,  corresponds  in  its  general  features 
witli  tlie  form  described,  and  the  concentrated  mash  stir- 
ring device  with  which  it  is  jirovided  is  veiy  effective, 
even  at  slow  speed.    An  exhauster  of  practical  form,  pro- 
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1.  Tbrough  the  removal  of  the  husks  the  mash  become^ 
mobile  and  more  thinly  fluid,  so  that  the  fennentation 
lu'ogi-esses  with  greater  energy  and  rapidity. 

-.  A  certain  proportion  of  the  luashing  capacity  is  ren- 
dered available  thereby,  and  in  place  of  the  useless  spent 
grain  and  husks  fermentable  substances  can  be  introduced 
into  tlie  vat,  thus  increasing  the  yield  from  the  mashing 
siiaoe.  Tlie  liusks  absorb  more  water  than  wort  from  the 
mash,  and  thus  the  room  which  they  uselessly  take  up 


Flo.    37.— M  i'LLKR-EnEKI]  ABDT    Mahh    Cleabino    Appabatub. 

cannot  be  calculated  from  the  dry  substance  of  the  husks, 
according  to  Heinzelmann. 

3.  The  sjiaoe  necessary  above  the  mash  is  diminished, 
thus  offering  the  possibility  of  introducing  greater  quan- 
tities of  mash  into  the  vat.  Carbonic  acid  adheres  tena- 
ciously to  the  husks  and  spent  grain,  and  agitates  the 
mash,  thug  uselessly  increasing  the  volume.  On  the  other 
hand,  carbonic  acid  escapes  more  easily  from  clear  worts 
so  tliat  the  sjiace  above  liie  wort  may  be  restricted  in  fer- 
menting such  liquids. 

4.  After  the  removal  of  husks  and  other  solid  bodies, 


17(> 

wiiicli  ft  s( 

thi>  scrow  1 

'I'liis  (k'vici'  [(><[itii(.'s  iiiiit;  luuiii,  mh  ii  la  pieieiaui.v  jiiuu"'- 

«'ti  (lirt'ctly  aliove  the  preparatory  mash  vat  itself.    Such 

is  also  tlie  rasi'  witli  the  api)aratas  designed  by  Hampfl 
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aiKl  oonslnictcd  liy  tlic  fiiiii  of  I'klmuiKl  Kletzsdi,  Dres- 
ili'ii.  'I'his  is  illustrated  in  Fi;;.  ;W.  Tt  consists  of  n  jwr- 
I'mnti'ii  <'op]n'v  cylituU'!'  sii|)iinrte(l  by  four  columns,  aiid 
iniiviili'd  iiitcnijiljy  witli  n  sciow.  Tho  latter  draws  tiie 
mash  into  tlii'  device,  forr-es  the  husks  u]iward,  expresses 
Ihoin,  and  allows  the  iiiasli  to  ruu  haek  into  the  prepara- 
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toiy  mash  vat  and  the  iiiasli  vat  proper,  it  must  be  so 
tiiouiited  tliat  tlie  outlet  pipe  of  tlie  husk-remover  is  some- 
what lower  tliaii  the  lowest  point  of  the  bottom  of  the 
))reparatory  masli  vat.  This  cannot  always  be  accom- 
plislied  without  hiwering  the  apparatus  below  the  level 
of  the  floor.  In  openifion,  too  great  a  quantity  of  the 
iiiasli  ahonld  not  Iw  fed  to  the  remover,  for  should  this 
orrur,  jjavt  of  tlio  mash  would  be  lost  with  the  husks. 
Thus,  it  is  advisable  to  provide  a  suitable  rock  between 
the  fore-mashiug  vat  and  the  remover,  so  that  the  flow 
of  the  mash  can  be  regulated.  The  apparatus  is  illus- 
trated in  Fig.  3!).  The  cleansing  of  the  device  presents 
difficulties,  and  it  is  advisable  lo  provide  a  steam  inlet  and 
outlet  hy  means  of  which  the  entire  ap]>aratus  can  be 
steamed  thoroughly. 

One  of  the  latest  apparatus  for  this  purpose  is  that 
of  Paucksch,  constructed  hy  the  AktiengcsellBchaf't  M. 
I'aucksch,  Landsherg  ti.W'..  (icniiany.  This  type  has 
found  great  favor  with  many  distillers,  and  has  been  in- 
troduced in  a  large  nnniher  of  (Jerman  distilleries.  It  is 
illustrated  in  Fig.  4(1.  The  apjiaratus  includes  a  strong 
cast-iron  shell,  in  wliich  is  located  a  perforated  dnnn 
mounted  ujion  a  rigi«l  shaft.  A  screw  casing,  /,  in  two 
parts,  is  provided  witiiln  the  ])erforated  drum.  The  screw 
casing  is  of  cast  iron  and  is  mounted  upon  a  shaft,  A 
curved  plate  i»resses  against  the  inner  side  of  the  drum, 
and  is  constantly  reciprocated  by  means  of  an  eccentric  /. 
mounted  ujion  the  main  shaft.  Pressure  is  exerted  against 
Iho  curved  i)late  k,  by  means  of  a  siiring  plate  ii,  which 
is  mounted  at  the  screw  casing  f.  Resides  this,  a  scrapei'. 
nt,  is  mounted  upon  the  screw  casing  /,  and  presses  closely 
against  the  wall  of  the  drum.  In  the  operation  of  the 
husk  remover,  the  mash  flows  from  the  preparatory  mash 
vat  through  Ihe  outlet  ])ipe  into  the  rotating  ])erforated 
ilrmn.     The  husks  collect  against  the  walls  of  the  drum. 
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wliile  the  mash  fluid,  thrown  out  through  the  ]ierforations 
l)y  centrifugal  action,  collects  in  the  east-iron  shell  «,  from 
which  it  is  drawn  through  the  outlet  opening  by  means  of 
a  mash  jmraj).  The  husks  collected  in  the  perforated  drum 
I  mas  between  the  cur\'ed  plate  A-  and  the  wall  of  the  drum, 
and  are  subjected  to  a  pre])aratory  pressing  by  the  recip- 
Tocatoiy  movement  of  the  ]ilate.  They  ai'e  then  forwarded 
to  the  screw  by  means  of  the  scrajier  m,  and  by  the  screw 
Uiey  -are  forced  ujiward  and  undergo  further  pressure. 
Thus,  the  perforated  drum  is  constantly  lieing  freed  from 
the  husks,  so  that  choking  of  the  sieve  walla  with  conse- 
quent retarding  of  the  operation  is  avoided.  The  Pauckscli 
apparatus  re<iuires  about  one  square  yard  only  of  floor 
space,  and  as  it  is  but  4  feet  liigh,  it  can  be  installed  with- 
out inconvenience.  The  mash  can  be  introduced  into  the 
perforated  drum  directly  from  the  pre]iaratory  niaali  vat. 
In  a  test  of  this  ap|)aratus  conducted  by  Wittclshofer,  51 
pounds  of  spent  grain  were  renioved  from  875  gallons  of 
mash,  whereby  "J7  gallons  of  mashing  apace  were  gained. 
The  conse<iucnt  extra  yield  of  alcohol  from  thia  additional 
quantity  of  maah  would  be  about  0.4  per  cent. 

The  apiral  press  invented  by  iliiller  is  an  improved 
form  of  husk  remover.  It  is  built  by  the  Schleppschiff- 
falirt-Aktien-Oosellschaft,  of  Bromberg,  Gennany,  and  is 
illustrated  in  Fig.  41.  The  press  comprises  the  sieve-like 
bo<ly  K,  the  conveying  screw  /•',  and  the  closed  casing  (i. 
which  can  be  locked  and  which  is  provided  with  inlet  and 
outlet  oiwnings  8t,  St',  il  is  a  continuation  of  the  air  tight 
casing,  and  is  connected  with  the  dnim  A'.  It  is  closed 
by  means  of  the  lid  G.  Ky  moans  of  the  sweet  mash 
I'uiiip,  a  suction  is  i)roduced  at  iSV,  and  the  mash  is  there- 
by drawn  into  tlie  perforated  body  at  St.  The  fluid  con- 
stituent is  forced  through  the  openings  or  perforations, 
while  the  .solids,  which  remain  in  K,  ai'e  seized  by  the 
screw  /•'  and  forced  along  toward  .1/.     As  the  casing  ia 
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air-tigbt,  it  acts  as  a  suction  iiir  (.-liaiiilHT;  thus  it  is  l>iil 
{lartially  filled  with  the  iiiasli,  and  tlie  rosidiK'K,  in  imssiii}; 
toward  M,  soon  emerge  from  tlie  lic|uicl  mid  ait'  ('\|irvKwd 
in  tlie  upper  part  of  the  upj)aratus.  After  liicy  iirc  fuin 
jiletely  pressed  out  tliey  pass  into  the  tiihe-Iikc  ji<hlilion  ,1/, 
and  are  aggregated  solidly  until  tlie  prestjure  gf  the  scn-w 
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ejects  them,  piston-like,  I'nuTi  tlie  .■ijtpai'alus.  'I'lu'  ciii'iiin- 
atauce  that  the  sjtent  gr;iin  and  husks  are  expressed  Hill- 
side of  the  niaiili  li'iiild  results  in  tlie  pi'oduetimi  of  dtier 
s]>eDt  grain  than  witli  any  olhcr  siniihii-  niaeliiix'.  iiiid  eoii- 
peciuently,  practleiilly  nu  luiisli  is  lust.  'I'he  followiiijr  lis- 
ures  evidence  the  elheieni  aetiun  of  the  Miiller  spiral 
press;  it  was  liif<lily  leciiinuK-nded  hy  IJeinzeliiiann  as  the 
result  of  his  investijications: 
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Water  content  of  the  spent  grain 

Absolute  dry  substance 

Hudks 

74. a 

25.7 
21.5 

35.5 
64.5 
51.5 

The  apparatus  is  most  conveniently  set  up  adjacent  to 
the  preparatory  mash  vat,  but  it  can  be  located  at  any 
desirable  point,  as  long  as  provision  is  made  for  suitable 
cleansing  as  the  latter  becomes  necessaiy.  The  apparatus 
lequires  a  space  about  o  feet  long,  1\]>  feet  wide,  and 
about  1V4  feet  high.  A  special  advantage  of  this  system 
is  found  in  the  interchangeability  of  the  sieves;  by  means 
of  a  plurality  of  sieves  of  varying  mesh,  it  is  possible  to 
take  into  consideration  any  possible  degree  of  fineness  of 
the  mash,  and  to  clear  the  latter  accordingly. 

In  choosing  any  of  the  above-mentioned  husk-removing 
apparatus,  certain  circumstances  should  be  taken  into  ac- 
count: First  of  these  is  the  question  of  space,  as  the  dif- 
ferent systems  vary  consideralily  in  regard  to  the  room 
they  require  in  the  distilleiy ;  second  is  the  capacity,  which 
is  governed  by  the  (iuantit>'  of  the  husks,  and  the  diy  sub- 
stance in  the  removed  waste;  and  finally  there  is  the  power 
consum]^tion.  In  the  last,  the  available  machine  i)0wer  of 
the  plant  must  be  taken  into  consideration. 


IV.-POWER  NECBS5ARY  TO  DRIVE  THE  MACHINERY  OF 

THE  DISTILLERY. 

W.  Goslich,  the  head  of  the  Mechanical  Department  of 
the  Institute  for  Fermentation  Industries  of  Berlin,  has 
made  a  thorough  investigation  of  modern  distilleries  with 
regard  to  the  power  consumption  of  the  individual  ma- 
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cljiiies  and  a])]»aratus.  Tlu*s(»  rcscarclM's  arc  of  icrcnl 
<lale.  and  have  yielded  some  interesting  results,  wliicli  ran 
be  tabulated  as  follows : 

POWER  CONSUMPTION  IN  THK  DIHTU.LF.KY. 


AppiinitiiH. 


L — ^Preparatory  mash  vat :  Maximum  requir<*ni(ait. 

Minimum  r(*quir<*iiifTii. . 

2.-^weet  mash  pump  and  husk  remover 

8. — Mahcmaher 

4. — Water  pnmp        

•5. — ^Two  coolers  in  the  fermentiiiK  vat 

6. — Potato  washer 

7.~Feed  pomp  at  ordinar}*  boiler  pressure 

8  — Feed  pump  at  maximum  boiler  pressure 

9. — Greatest  total  load  u|)on  the  steam  tm^tw 
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The  power  consumption  of  tlie  niai'hincs  varies  with 
the  methods  of  operation  and  tiie  loads  to  wliidi  tlu*  a|>pa 
ratus  are  subjected  and,  esiiecially,  with  the  dcgicr  of  cnn 
<*entration  of  the  mash.    ('onse<iuently,  the  total  load  ii|H)ti 
the  power  unit,  usually  a  steam  engine,  (hictiiatrs  ari'ord 
ingly.    In  calculating  the  ne(M»ssary  siz(?  of  the  stciim  en 
gine,  it  is  of  iini)ortanee,  aliove  all,  to  tak(»  into  <M)nsid<»ra 
tion  the  auxiliarj-  ai)paratus,  sueh  as  grist  mills,  chalT 
cutters,  threshing  machines,  etc.    Goslieh  reeonnnends  the 
following  sizes  for  steam  engines  for  distill(»ri(»H,  if  no 
auxiliary  apparatus  is  to  be  operated  simultaneously  with 
the  distillery  apparatus: 
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BIZB  AND  DIMEVSIOHS  UF  A  STEAK  EHG15E  FOB  A  KITATC 

DIGTILLEBT. 

Capacity  of  the 

Inamcierof 
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Revotutlonfl 

InJK^leJH.P. 
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Id 

TBI^iiwllons. 

feet. 

mmule. 

vrewure. 

205 
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0.8 

160 
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87.1 

0.9 

IM 

8-10 
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1.0 

140 

10-12 

02S 
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1.1 

125 

14-lft 

750 

10 

1.3 

110 

18-20 

1,000 

11 

1.45 

100 

24-26 

.,» 

12 

l.fi 

100 

80-84 

If  auxiliary  apparatus  are  simultaueously  operated, 
the  power  consumption  slioutd  be  increased  by  2  to  4 
lioi-se-power  for  the  grist  mill,  for  the  chaff  cutter  ly^ 
horse-iiower,  and  for  tlie  threshing  machine  (i  to  10  horse- 
power. 

V.-COAL  CONSUMPTION  IN   A   DISTILLERY. 

The  investigations  made  at  a  large  number  of  distil- 
leries by  the  Association  of  Spirit  Manufacturers  of  Ger- 
many have  shown  that  the  coal  consumption  may  vaiy 
largely,  even  in  plants  of  equal  range  of  production.  The 
coal  consumption  is  dependent  u]K)u  the  size  of  the  vats 
and  the  number  of  masliiug  operations,  upon  the  quality 
of  the  fuel,  upon  the  excellence  of  the  boiler,  grate  appa- 
ratus, and  the  steam  engine,  upon  the  methods  of  working, 
and  the  distilling  apparatus  in  general,  and  finally  upon 
the  expertness  of  the  firemen,  the  method  of  firing  the 
lioiiers,  and  the  general  economy  of  oiieration.  According 
to  (loslich,  an  exjiert  fireman,  who  thoroughly  understands 
his  business,  is  able  to  effect  a  great  saving  in  coal  over 
tliat  used  by  one  less  familiar  with  the  best  methods  of 
firing  boilers.  It  would  apjtear  that  modern  distilleries 
with  boilers  of  proper  size,  require,  inclusive  of  mechan- 
ical vat  pooling  and  heating  but  exclusive  of  the  require- 
ments of  auxiliai-y  apparatus,  the  following  quantities  of 
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(PKkI,  liard  coal,  with  a  heating  value  of  about  13,l)()l> 
B.T.U.: 

GOAL  CONSCMPTION  OF  POTATO  DISTILLERIES. 
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WW 
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1.145 

i.sr. 

■■..-.*-. 

;t,(<-w 

i.m) 

J!,420 

4,:i(HJ 

Large  distilleries,  or  plants  iu  wliii_-li  the  iiiasliiiif,'  o|)i'ia- 
tions  are  frequently  repeated,  reijuire  ])ro]»ortioiiateiy 
'"tiialler  quantities  of  •■oal  jier  unit  uf  viit  ea]iacity  lliaii 
those  indicated  in  the  table  above. 


The  snccharometrii^  iiivcsligaliim  of  tlip  masli  is  liasi'il 
ii|)0D  the  deteniiiiiatioii  of  tlic  specific  gravity  of  (lie  iiia.-j)i 
liciuid  by  means  of  a  iiy<lroiiictcr.  Tlie  graduations  of  tlio 
latter  correspond  to  tlic  specific  gmvitics  of  piiic  sugar 
solutions,  and  therpforc  tlie  iiistiuinciit  is  chaiactcrizcd  as 
a  saccliarometer.  The  <levice  was  first  introduced  into  tlie 
distillery  by  Ilernibstrult.  and  later  by  Hailing  and  liri.v; 
soinetinies  the  values  resulting  frnni  the  use  of  the  sac- 
cliaronioter  are  given  in  "degree.'*  Balling." 

The  jirineijile  of  the  saccbarometer  de]>endfi  upon  the 
faet  that  sugar  solutions  possess  higher  specific  gravities 
than  water,  and  that  the  higher  the  degree  of  concentra- 
tion of  the  solution,  the  higher  is  the  s])eeific  gravity.  A 
certain  content  of  sngar  in  a  solution  corresponds  to  a 
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definite  si)ecifi<*  gravity,  as  can  be  seen  from  the  table 
l)eIow. 

For  the  determination  of  tlie  siiecific  gravities,  a  glass 
hydrometer  is  employed,  which  when  placed  in  a  liquid 
sinks  more  easily  into  a  lighter  fluid  tlian  into  a  heavier 
one.  Ever*'  body  immersed  in  a  ii(|uid  loses  in  weight  a 
certain  amount  corresponding  to  the  weight  of  the  licjuid 
di8]>laced.  If  a  body  of  this  character  is  immersed  in  a 
fluid  of  a  certain  specific  gravity,  it  loses  less  in  weight, 

TABLE    FOR    COUPARINO    THE    SPECIFIC   GRAVITIES   OF   Bt'OAR    SOLt'TIUKS 

WITH  THEIR  SUGAR  CONTEKTS  AT  17.5'  C,   OR  (i8.3'  F., 

ACCORDING  TO  BALI.INU. 
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and  consequently  sinks  more  deeply  than  in  a  fluid  of 
higher  specific  gravity.  In  the  latter  the  loss  in  weight 
is  greater,  and  the  body  consequently  sinks  less  deei)!y  as 
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I'nuinl  hv  sill  it  meting  I.j.j  li 
I'l-siiK.  14.5,  by  (M)44(;.  Tlic 
iliji  to  L'H'  |)y  .■SiiccliiiroilU'tL'l- 
forrectwl  by  adding  to  it  D.i" 


II  .'III  and  multiplying  the 
L'tific  gravity  eoiiespond- 
l.nss(ir).  and  tliis  must  l»(- 
II.  wliirli  is  found  by  sub- 


Licliiig  l.j..")  from  ;i()  and  mnltiiilying  by  IMI|I()188. 

'IMie  sarcliaroinetpr  can  not.  of  conisc,  be  utilized  for  the 
investigation  oi'  maaltcs  wliicb  contain  sjient  grain  and 
busks,  and  in  this  ease  the  investigation  must  be  carried 
out  in  a  mash  filtrate.  Tlie  filter  devised  liy  Delbiniek  is 
largely  used  for  i»re|iaring  the  filtrate.  As  evajioration 
must  lie  avoided  dm-ing  filtration,  this  operation  cannot 
be  conducted  in  the  open.  The  woven  bags,  which  are  used 
for  filtering,  are  therefore  hung  in  metal  cylinders,  as  is 
indicated  in  broken  lines  in  Fig.  43.    The  masli  filtrate 
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imrjtorit's  this  instruiiieut  is  undoubtedly  a  very  useful 
dcvRT.  pinticulai'ly  for  detuntimiug  the  quantity  of  fei- 
nieutt'd  sugiii',  as  that  part  of  tlie  mash  extract  which  dis- 
ii}>|)<'iirs  during  fennentation  t-oniprises,  necessarily,  fer- 
nu'iitiilile  siilistaiices  only.  Hence  it  would  appear  that 
tlK*  f-accliaronieter  is  useful  rather  for  comparative  de- 
tenninalions  than  for  absolute  results.  For  the  latter  jtur- 
posc  it  is  approximate.  For  instance,  it  may  be  assumed 
tliat  on  an  average  ?*.")  per  cent  of  tlie  saccliarometer  read- 
ing In  potato  mashes  is  composed  of  fermentable  sub- 
stances. Finally,  it  may  be  said  that  from  Delbriick's 
investigations  witli  sweet  masli€s,  it  would  appear  that  a 
clear  mash  fluid  should  not  lie  used,  liut  that  the  liquid 
wliich  resuhs  from  a  single  filtration  and  is  still  some- 
what tuibiil  slionl.l  he  tested.  Tt  is  true  that  turbid  fil- 
trali's  of  this  <-liarai-tet'  give  somewhat  higlier  results,  due 
fo  the  fact  that  the  li(|uids  contain  certain  (|uantities  of 
undissnlveil  starch,  wliicli  dui'iiig  fennentation  are  con- 
vei-lcd  iTiti)  sugar  by  the  after-action  of  tlie  diastase. 

VII. -OTHER  TESTS  FOR  THE  SWEET  MASH. 

It  is  of  imiiorlance  to  ascertain  whether  the  sugar  for- 
mation in  the  sweet  mash  has  progressed  jiroperly.  For 
this  purpose  the  iodine  solution  alfords  sinqile  and  effec- 
tive means.  A  masii,  which  has  been  completely  sacchari- 
fied, sliould  evidence  no  disctiloration  whatever  when  test- 
ed with  the  iodine  solution.  Wiien  diastase  acts  upon 
starch,  tlie  latter  either  remains  untiiiged  by  the  iodine 
sohition  or  the  following  discolorations,  in  the  order 
named,  are  luoduced :  blue,  violet,  red;  these  correspond 
to  the  coloration  given  to  the  soluble  starch,  or  particu- 
larly, to  tiie  dextrins,  by  the  iodine.  If  a  mash  shows  one 
of  these  discolorations,  it  is  certain  that  the  sugar  fonna- 
tion  has  Iwen  incomplete,  and  has  been  retarded  by  some 
injurious  agency.  In  this  case  it  may  !«■  assumed  that  the 
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diastase  lias  boexi  lujured  or  has  not  conii)lotely  ruUilKd 
it.s  purpose.  As  mentioned  before,  it  may  be  that  the  dias- 
tase does  not  completely  effect  the  after- fennentatiou  neees- 
saiy  in  certain  mashes  for  converting  the  dextrins  into 
maltose,  until  it  is  in  the  fennenting  vat.  For  investiga- 
loiy  purposes,  the  (juantities  of  maltose  and  dextrin  may 
also  be  determined  before  and  after  the  (conversion  of  the 
dextrins  by  means  of  hydrochloric  acid,  by  Fehling's  so- 
lution, assuming  that  a  20  ])er  cent  mash  contains  about  80 
j>er  cent  maltose  and  2i)  \)er  cent  dextrins,  though  with 
concentrated  mashes  the  jn'oportion  of  maltose  to  dextrins 
is  somewhat  smaller.  However,  the  iodine  test  is  (juite 
sufficient  for  the  pur]iose  of  the  distiller,  that  is,  as  far  as 
it  i)roves  by  discoloration  that  the  transformation  of  the 
starch  or  dextrins  into  sugar  has  not  been  carried  far 
enough.  On  the  other  hand,  it  cannot  l)e  said  with  cer- 
taintv,  that  sufficient  active  diastase  is  still  ccmtained  in 
the  mash  if  iodine  does  not  discolor  the  mash  li(|uid,  for 
diastase,  after  it  has  com])leted  its  action,  may  be  injured 
through  overheating.  Therefore,  a  test  with  regard  to  tin* 
active  diastase  in  the  mash  licjuid  is  also  necessary.  This 
can  be  carried  out  very  simply  by  im])asting  T)  grammes 
of  starch  with  200  cubic  centimeters  of  water,  and  a<lding 
5  cubic  centimeters  of  the  innsh  TMiuid  after  the  ])aste, 
which  is  fonned  by  cooking,  has  been  <*o()led  to  about 
144''  F.  Bv  the  addition  of  the  T)  cubic*  c(»ntimeters  of 
the  mash  licjuid  the  paste  should  b(»  licpielied,  almost  in- 
stantaneously, and  after  lialf  an  hour  iodine  should  elTect 
no  discoloration  whatev<M'  in  the  fluid. 

Tn  testing  with  ic)dine  the  mash  should  be  filtered 
through  clean  cotton  bags  until  a  ))erfectly  clear  filtrate  is 
obtained.  The  filti'at(%  which  should  be  cold,  is  diluted 
with  distilled  water,  and  a  few  dro])s  of  the  iodine  soluticm 
are  carefullv  added  to  it,  so  that  it  shows  a  vellow-red  dis- 
coloration  onlv.     The  iodine  solution  should  i)revi(mslv 
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In-  (liiiitoil  witli  water.  The  first  soluble  (■otiiblnatiuD 
t'uuiK'il  by  tbe  action  of  the  diastase  is  aiiiylo-dextriii. 
whieli  y  colored  a  violet  blue  by  the  iodine.  -\t  a  later 
stajie  of  the  loniiation  of  this  dextrin  the  discoloration  is 
iiliiKKst  pure  violet.  Wlien  the  amylo-dextriii  lias  beeu 
jiartially  traiisfontied  into  the  next  Jntennediate  sui)- 
staiK'c,  acinoo-dcxtrin,  the  iodine  effects  a  red  dis<*olora- 
tion.  Xo  change  is  produced  by  the  addition  of  the  iodine 
solution  wlien  the  conversion  of  llic  starch  has  jiroceeded 
so  far  that  only  achroo-doxtrin.  uialto-dextrin,  and  malt- 
ose are  present.  Thus,  the  niaxiuiuin  su^'ar  formation  has 
not  been  reached  with  the  aciiroo-dcxtrins,  tlioujfh  these 
show  no  reaction  with  iodine.  The  sfarcti  transformation 
is  eiiiiipleti'  when  the  acliroo-dextrins  have  been  couvertw; 
inlM  iiialto  (h'xtiin  and  maltose.  However,  notwithstaiid- 
inff  tliat  there  is  no  leaction  when  (lie  iodine  is  added  to 
sohitions  fontaiiiinfj;  achrno-dextrins,  the  value  of  the  test 
is  not  impaired,  for  it  has  liecn  shown  that  when  the  deg- 
ladntion  of  (lie  stareli  has  reached  tlic  stage  of  the  fonua- 
tion  of  tile  aelrioo-dextiins.  the  progress  of  the  conversion 
io  iriallo-dexirtn  and  maltose  is  alisolutely  certain  and  is 
<'onipletcd  witli  raindity. 

.\t  this  point  mention  shouhl  lie  made  of  flie  fact  that 
all  the  devices  for  testing  and  otjjor  i)uriioses  in  distilla- 
tion, and  all  like  ap))aratns.  are  useful  then  only  when 
they  are  absohitely  reliable.  In  (iermany,  the  Association 
(»f  Spirit  ManufactiireTs,  as  well  as  the  Association  of 
(irain  Distilleiy  Owners  and  ('oni])res.sed  Yeast  Jlanufae- 
(nrers,  whose  niend)ersliips  include  practically  all  the  dis- 
tillers of  the  ("iennan  Kinpirc.  has  for  these  reasons  es- 
tablished a  s]ieeial  instrument  factory  in  P.erlln.  At  this 
factoiy  all  checkinij  a])iiaratus,  standard  solutions,  and 
rieoessary  reagents  are  prepared  and  fuinislicd  to  the  dis- 
tilleries after  having  Iieen  thoroughly  tested  by  ex|tert 
oHicials.    The  unifonnity  of  the  instruments  and  reagents 
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a))))aiatus  witli  \vhicl»  tlio  investigation  is  conducted  i* 
shown  in  Fig.  44.  It  comprises  a  liter  flask  to  vevew 
IIm*  soda  solution,  a  burette,  graduated  in  cubic  centi- 
meters and  tenths  of  <*ubi(*  centimeters,  which  can  l)e  filled 
to  the  zero  gra<luation  by  i)ressing  ujum  the  rubber  ball 
with  which  the  device  is  i)rovide<l,  a  titration  cup  with  a 
^lass  rod,  and  a  jiipette  of  20  cu])ic  centimeters  capacity. 

'I'he  investigation  is  <'arried  out  in  the  following  man- 
ner:    Twentv  <*ubic  centimeters  of  the  filtered  niasli  are 
<lrawn  u))  by  means  of  the  i)i])ette  and  emptied  into  the 
cu)).     I'y  ))ressing  upon  tlie  pinch  (»ock  of  the  burette  the 
stan<lard  soUition  is  allowed  to  flow  out  slowly,  the  liquid 
in  the  cup  being  constantly  stirred.     The  standard  solu- 
tion is  added  until  a  <lrop  of  the  liquid  taken  uj)  with  the 
ghiss  rod  no  long(M-  colois  litmus  ])ai)er  red,  but  leaves  the 
papcM*  unalteied.    Tlu*  number  of  cubic  centimeters  of  the 
standard  solution  which  has  been  used  to  neutralize  the 
mash  Thiuid  to  this  point,  represents  the  degree  of  acidity 
of  the  inv(\stigated  mash.     Titration  may  also  be  eflfected 
in  another  manner  as  follows:    Twentv  cubic  centimeters 
nf  mash  liltiate  arc  dilutiul  in  the  cup  with  distilled  water 
and  are  colored   red  by   the  addition  of  a  few  drops  of 
litmus   tincture.     Standard   soda   solution   is  now  added 
from   the  burette  until   the   li<|uid  becomes  onion  red  iu 
rolor,  an<l  the  addition  of  nuo  more  dro))  causes  a  change 
to  |)ure  blue. 

One  cubic  (Multimeter  of  standard  solution  added  to  20 
cubic  centimeters  of  mash  filtrate  represents  1  degree 
of  acidity,  and  corres))()nds  to  O.Oll  grannne  of  lactic  acid, 
n.(H)  granmie  of  acetic  acid,  and  (M)49  gramme  of  sul- 
|)liuric  acid  in  the  filtrate.  For  instance,  if  0.(>  cubic  centi- 
meter' of  th<»  stan(hird  solution  was  used  to  neutralize  20 
<-ubic  c(mtimet(»rs  of  the  sweet  nuish,  the  mash  possesses 
M.(i  of  a  degree  of  aci<lity,  or,  as  this  (piantity  is  equiva- 
lent to  ;i.n  in.  KM),  the  mash  would  contain  3  X  0.09  =  0.27 
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,-v.  .cii,  ui  !«.,..._  m..u.  .ut  HV.1...,.  v..  ...t  c,.eet  masli  is 
due  chiefly  to  the  substances  of  at-id  reaction,  though 
llioroughly  sound,  wliich  are  found  naturally  in  .potatoes, 
Besides  determining  the  jtroportionate  eontents  of  malt- 
ose and  dextriiis  in  the  sweet  mash,  it  is  of  importance  as 
well,  to  ascertain  the  quantity  of  oarhohydratea  which  this 
ftmtains.  In  practice  the  theoretical  proportion  of  dextrin 
to  maltose  is  not  always  attained,  and  according  to  BiiclR'- 
ler,  it  is  even  i)ossil)le  to  obtain  the  maltose  and  dextrin 
in  the  proportion  of  8  to  1,  notwithstanding  that  the  theo- 
retical proportion  is  80.9  parts  of  maltose  to  I'.l.l  piirts  of 
dextrin,  that  is,  4.2  to  1. 

To  ascertain  the  content  of  carlwh  yd  rates  capalile  of 
fermentation.  t!ie  following  method  is  recommciuicd :  Id 
grammes  of  filtered  mash  are  diluted  to  li5l)  culiic  centi- 
meters, and  of  tlie  latter  2(»),  corresponding  to  S  graititncs 
of  masli,  are  inverted  with  l.i  cid)ic  ccntitncti'is  nf  liydro- 
chloric  acid  of  1.125  sj>ecific  gravity.  The  wliulc  is  neu- 
tralized with  a  potash  solution  and  dihitcd  to  oOii  cubic 
centimeters.  Of  those  5i)  cubic  centimeters,  corn'S]i.mding 
to  (1.8  gramme  of  tlio  masli.  aic  used  t'oi-  reduclion  with 
Kehling's  solution.  The  ,"ii)  cidiic  ccniinietcrs  of  invcitcd 
masli  are  added  to  the  fresiily  prc)iarcd  Kcliling's  solu- 
tion, and  the  yellowish-red  cujirous  oxide  wliicli  sei)aralcs 
out  after  the  mixture  is  boiled  for  a  slioi-t  lime,  is  iiltcred 
off  and  waslied  with  hot  water  until  the  alkaline  reaction 
<1isap|>ears.  For  filtration,  filter  tul)es  jnovided  with  long- 
fiber  asbestos  held  in  ))erforatpd  )ilatinum  cones  are  pre- 
ferable. Bauer  recommends  diluting  the  solntion  before 
filtration  witii  double  the  quantity  of  water,  and  cooling  to 
avoid  a  slight  dissolviiig  of  the  asbestos  l)y  the  addition 
of  the  hot  alkaline  fluid.  The  ciipnuis  oxide  is  first 
washed  with  water,  and  with  alcohol  and  ether  to  facili- 
tate drying,  and  is  then  dried  In  a  cop]>er  drying  chamber 
at  2.W  deg.  F.     It  is  sid)se(|ueidly  re<hiced  at  a  moderate 
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iil'Il'l'  ri'illU-iiDti  iiiiu  iiiur   rii-iuiiiij;  wmi  iiiirir  mnu  »uw«- 

qui'iit  til  tlic  wjisliiiin  with  water,  aleoliol,  and  ether,  snd 
iil'tci'  (hyiii;:,  may  lie  used.  \i\  ineiiiis  of  Allilin's  talilf, 
j;ivcii  hi  lew  it  h,  thi'  ih'xtiosc  can  hi.'  deterniined  fixtiii  tbe 
rciiiiiM'd  fn|i}n'i-.  'I'hc  (It'tcTtiiinatioii  iil'  rediiction  is  always 
sliiihlly  iniii'i-ui'iitc,  liccansi'  (if  the  presence  of  pltot^ijliutcs 
in  tlic'iiiiisJi.  I'.y  inhliriH'  1  to  l2  culiic  ccntiniftcrs  of  a  sn- 
lulioii  i.r  wiiliiicctatc  of  lend  to  the  innsh.  this  error  can '«■ 
:i\ni.h-.l.  I!etni,.  |he  ve.hi.tioii  is  etTocte.i.  the  lead  a.We-l 
ill  e\.-(  s>  sh.nilil  he  prefi|.itated  with  suiphnrie  ai-iil  ai"' 
tiilered  otr. 

|-;\lieri(ii<-e  liii.-^  shown  that  Fehliiiff's  solution  is  rf- 
diiee.l  <.(u-thinl  l.ss  h\  maltose  than  by  dextrose.  A'- 
eordiiii;'  ti.  Ilic  iTiveslinatidus  of  KoNJik't.  ntallose  always 
sepaiali  s  the  same  i|naiilily  of  en|iroiis  oxide,  and  aci-diti- 
iiiiT  til  liis  iletei  riiiTLatiim^  Iheie  is  hiit  one  uniform  propm'- 
tiim  of  leilm-lioii:  with  lhe  nse  of  a  1  |>er  eent  nudtose  so- 
lution, (lie  pnipnitioii  iif  rednefiou  resultijig;  is  \i'.]  eopl^r 
I.,  llin  iirihydLoiis  maltose.  .Veeorditifl  to  K.  MVin.  tlif 
icdtteiiiir  powii'  iiiireases  as  the  solution  is  diluted,  ami 
with  a  I  m  per  cent  snlulion.  the  redueing  power  iii- 
ereases  In  1  V.K  Wein's  lahle,  which  follows,  isi  based  njrfin 
the  alicixi'  investigations.  If,  for  instanw,  10  prrainiiifS 
nf  tile  filtrate  of  sweet  mash  are  diluted  to  i")l»  culiu-  centi- 
meters, and  lT)  .-uliie  .eiilimeters  of  this  diluted  filtratu 
yiehl  ",1!I1I  jiranitne  of  i-op]ier  with  Fehling's  sohitioii. 
this  wouhl  represent  O.HIsi.'  iiiamnLe  of  maltose,  or  Ki.S'J 
pec  cent  aeeurdiny;  to  Wein's  table,  as  1  j^runmu-  of  nmsli 


'  maltose  to 
.71  \ivr  cent. 
0  '2'it)  cubic 
then  diluted 
'v-nnf  fuuK'  ceiiiimeterii,  aiiu  oi  nut  laner  jy  lU'o  iise«l  for 
redaction,  yielding  say  0.'22'2  giainme  of  copfwr,  the  dex- 
trose   content,    according    to    Allilin's    tabic,    is    0.]l+;{. 
gramme,  or,  as  only  0.5  gramme  of  masii  filtrate  baa  been 
Uised,  22.8()  (»er  cent  of  dextrose  value,     Hy  subtract  in  ji 
the  dextrose  value  17.71   from  22.8(i,  the  dextrose  value 
5.15  is  obtained.    As  tlie  dextrose  value  is  to  the  dextrin 
as  HM)  is  to  ilO,  the  (|uantity  of  dextrin,  +.0:{  ])er  cent,  can 
be  ascertained. 

It  would  ajuiear  of  advantage  to  give  at  this  jHiiiit  the 
method  of  preparing  Fehling's  solution.  For  this  pnr- 
liose  pure,  recrystallizeil  sul)ihate  of  <'0[i|)er,  Koeheile  salt, 
and  caustic  soda  are  necessary.  Dissolve  17o  grannties  of 
tile  Kochelle  salt  with  (id  graiiniies  of  caustic  soda  in  about 
■WK)  cubic  centimeters  of  water,  and  after  the  solution  lias 
Iwcome  cold,  make  up  to  .")(iil  cubic  centimeters.  Powder 
■!4.(>4  granmies  of  the  sulpliale  of  i-o)i)iei'  in  n  movtar.  and 
ilissolve  in  40fl  culii<'  <-ciitii(iclers  uf  cold  water.  Add  0..'» 
cubic  centimeter  of  conceiitiiited  sniitlinric  acid,  and  when 
the  solution  is  coinjilcl<'  dilute  lo  .")()((  cubic  centimeters. 
The  solutions  slmulil  he  kejit  in  separate  holtlcs.  and 
mixed  in  eipial  vohniies  when  the  Kcbling's  solution  is  re- 
'luired.  The  two  solnlioiis  should  be  thonmghly  mixed 
hy  shaking,  or  In  any  other  snilahle  manner.  In  pi'epar- 
ing  them,  pure  distilk-d  water  alone  should  he  used. 
Twenty-four  to  :ill  culiic  centimeters  of  Kehling's  solution 
i-onstitutea  suitable  'luautity  for  the  abuvt;  dett;rminati<nis. 
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PART  VIII, 

PERMENTINa  OF  MASH. 
I.-COOLINO  TO  THE  PERMENTINQ  TEHPERATURE. 

WIIKK'K  pix-jmratory  innsli  vats  with  water  cooling 
iiTf  ii.s(?<l,  sjiecial  iiit'tliods  of  cooling  are,  of 
(■(imsc.  iiiniwessary.  In  tliis  case  the  cooliiig 
I'lTcct  is  olilainuil  tliroiigli  the  water  in  the  cooling  ele- 
ttii'itt«,  assi-^tcd  liy  constant  o|)eratii)ii  of  tlie  stinintt 
ii|jjiliiincc.  !i«  it  is  necessary  to  cool  the  mash  in  one  to 
i;in'  ami  a  liali'  lionrs  to  a  temperature  of  d'-i'  to  (5(5°  F., 
artel-  I  he  cijiiiiileiion  of  the  sugar-foniilng  process. 
WlifiT.  Iiiiwcvci-,  diiecl  vat  cooling  is  not  availahle, 
spn-ial  ciioliiig  a|)iiaratus  iiinst  lie  ]irovided.  In  ol<i 
distilkrics  the  sinfai'i'  cooler  or  <-ool-lK'd  was  usetl  for 
this  pur|:i)sc,  'i'lif  oMest  I'niiii  of  this  ilevicy  consisted 
of  a  flat.  ic<-taiit>ulai'  hox.  in  which  the  mash  was  niami- 
ally  worked  for  so  loTiy  a  period  that  the  necessary  cooling 
was  (ll'ectcd.  'I'iiis  \vorkiii;i;  I'oiisisted  of  constant  stir- 
riiiff  of  the  niash  with  woodi'ii  oars  or  rakes.  AVheii 
iiiolive  power  and  iiiiicliinery  weie  introduced  into  tlic 
distillery,  liic  .■ool-l».d  was  altered  :  it  was  then  constructed 
in  the  sliii|i('  of  a  tlal,  loiind  vessel  of  sheet  iron,  and  wa.-^ 
provi(h'd  willi  a  stirrini;  device  wJicrewith  the  surface  of 
tlie  niasli  conM  he  leiiewcd  constantly,  liy  means  of  fans 
or  lilowers  a  stionji;  i-iirrent  of  air  was  forced  over  the 
.-urfnce  of  tli<'  niasli  to  accelerate  tlie  evaiiorntion ;  by  these 
methods  the  desired  cooling  was  obtained  if  the  air  was 
,  cold  enough.  If,  however,  the  air  was  warm,  the  coohng 
jieriod  either  lasted  inordinately  long,  or  tlie  fermenting 
tem|M'ratnre  of  (ill'  to  (IS'  V.  could  not  he  reached,  and. 
thus,  it  was  necessary  to  allow  the  niaeli  to  ferment  at  too 
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liiicli    a    teini)eiatiiiv   iv^ardlc'ss   ol'   the   (vils    which    {\\\^ 
I'longht  with  it. 

Th(»se  are  the  causes  of  the  disappearance  of  the  cool-bed 
fioin  the  distillery.  A  further  leasoii  for  abandoning  this 
method  of  c(K)ling  lav  in  the  iact  that  the*  surlace  laver  of 
mash,  wliicli  was  subjected  to  contact  with  the  atmosphere, 
of  necessity  took  u])  from  the  air  germs  which  induced 
fermentation.  Tnder  favorable  circumstances  the  veast 
could  doubtless  overcome  this  contamination,  but  if  even 
the  slightest  interruption  occurred  in  the  development  of 
the  veast,  the  ah'ohol  vi(»ld  was  diminished  considerablv 

■  7  a  * 

in  conse<juence  of  poor  fermentation.  Thus,  ahnost  with- 
out exception,  where  the  mash  is  still  cooled  outside  of  the 
mash  fermenting  vat,  the  cooling  is  effe(*ted  with  exclusion 
of  atmospheric  air,  closed  coolers  being  employed.  These 
are  almost  all  constiuctid  on  the  principle  of  counter-cur- 
rent cooling,  fiist  intioduced  by  Lie  big,  wheieby  the  great- 
est i)OSsi])le  utilization  of  the  cooling  water  is  obtained. 
The  best  known  svstcn:s  of  this  kind  aie  the  tube  coolers  of 
Xageli,  Paucksch,  Venuleth  and  Kllenberger,  and  the*  lat(»- 
ly  designed  Universal  Cooling  and  Heating  A))paratus  of 
Rohm.  The  last  can  also  be  usi  d  foi-  heating  fluids,  and 
for  this  reasim,  has  been  (inploycd  successfully  for  pre- 
heating cleansing  and  boiler  Iced  water  by  means  of 
the  fermented  or  spent  woit.  In  geiieraL  these  co<>ling 
ap]>aratus  are  used  more  IrcMiiicMitly  in  distilleries 
which  work  with  attenuated  mashes  and  worts  than  in 
thos<»  using  concentrated  masliis.  In  tlii^  lattei*  tluy 
are  still  used  of  necessity,  especially  in  large  plants, 
where  it  is  desirable^  to  n  iider  the  mashing  appaiatus 
available  for  subse(|uent  opj  rations  as  rapidly  as  ))ossible, 
and  thev  are  usuailv  emplovcd  in  connection  with  a  nuni- 
l)er  of  steamers.  The  watei-  consumption  oi  these  tubo 
<*oolers  is  about  1  1  .'*>  to  1 '  -  gallons  of  water  at  r)4'  F. 
for  each  gallon  of  mash  cooled. 


Tin*  lli'iitsfiicl  spiiiil  iiiiisli  coolei'  hIko  dt'sen'es  men- 
limi.  Tliis  is  proviilfil  \Yitli  a  iiictiil  s|iiiHl  screw  locats^il 
ill  ii  tiil)-iikc  truugli.  The  st-icw  (Irivcs  the  cooliiiK  water 
ill  ;i  iliii'ctioii  (iiHK)sit('  1()  the  ciirii'lit  of  tlie  inasli,  and  as 
:|ic  tKiiifili  ill  a(i(iiti<iii  Is  provided  witli  double  witils.  et'- 
fiitivc  cxtciiiiil  i-ddliiin  is  obtained  l)y  iiu-aiis  of  it.  Tlif 
I'fiuliiif!;  is  ]M(idiic('d  not  only  by  means  of  the  water,  liu' 
(hion^h  I  viiporatioii  as  well,  so  tliat  with  n'gar<I  to  its 
watiT  foiisuiiiptidii  the  Ileiitscliel  a)ipar«tua  is  a  very  e('i>- 

Still  more  cll'i'i'livi'  are  the  shiieing  coolers,  haeed  on  tin" 
iiriiiriple  III  ail-  and  water  eoolinjt.  These  are  anceessfiilly 
■■inpl<iy('.l  ill  a  ^n-at  iiunilier  of  distilleries  for  cooliiijt 
vvoijs  anil  tliin  or  alfeiinated  mashes.  The  eoolin^  efti- 
■■ii'iiiy  iir'  these  apjiaratns  is  hig;li.  For  eftWtive  opera- 
TioTi.  niiiriirni  slnicins  or  sprinkling  and  suitable  fonn  of 
tlie  ciH.ttn^'  ck'iiients  are  of  great  iiniiortanee,  Tliese 
cooKts,  liki  tlie  !nl)e  cdolers.  are  not  adapted  for  the  ef- 
I'l'clivi'  codliti};  of  coiicentrafed  iiiaslies. 

Till'  cooling  aitpiiaiice  in  all  modern  installations  is 
located  inefciahly  in  the  masliiiig  apparatns.  Hainp'^l 
first  iritiodueed  this  sysleiii  in  the  forc-masliing  vat  de- 
signed hy  him  and  deserihed  in  a  imvions  section.  The 
J'oinis  of  eoiislrm-tion  of  the  eooling  device's  differ  widely 
in  tJK-  various  niasliing  aiiparatiis  built  by  the  different 
mamil'aetnicrs.  (h'nerally,  eonling  jioi-kefs,  coils,  or 
slraigiit  cooling  lubes  are  used.  Ordinarily  cooling  tubes 
or  coils  are  now  given  the  pifrerencc  because  of  their 
siiiijilc  construction  an<l  easy  cleansing,  csiiecially  if  they 
.ire  so  d<'sigiied  that  they  can  be  taken  apart,  or  can  be 
cleaned  without  <lifKenlty  by  means  of  a  cleaning  rod  or 
hrnsli.  The  best  maleiial  for  the  cooling  ap)iaratus  is. 
wilhonl  doubt,  copper.  This  metal  is  to  he  recoimneuded 
not  only  for  its  sni)erior  cooling  qualities,  but  because  of 
ils  greal  durability  as  well.     Tt  is  sujievior  even  to  the 
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bf^st  cast  iron  for  this  i)uri)ose.  Furthermore,  the  eoi)i)er 
of  worn-out  apparatus  is  always  of  considerable  value, 
whereas  iron  is  comparatively  worthless.  It  may  be  said, 
witii  regard  to  the  water  eousumi)tion  of  a  preparatory 
masliing  vat  j provided  with  efficient  cooling  ai)paratus, 
that  as  a  rule  2  gallons  of  water  at  a  temperature  of  50' 
to  54'^  F.  are  necessary  for  each  gallon  of  masli. 

it  is  claimed  that  by  means  of  certain  si)ecial  vats  it  is 
possible  to  eflect  the  cooling  in  one-half  to  three-(|uarters 
of  an  hour.  Probably  this  can  be  accomplished  only,  how- 
ever, witli  the  use  of  very  cold  water  in  winter.  As  a 
rule,  it  takes  from  one  to  one  and  a  (juarter  hours  to  cool 
the  contents  of  tlie  masliing  vat  to  (il'  to  i)lV  F.,  with  a 
water  consumi)tion  of  2  gallons  of  water  at  50'  F.  for 
each  gallon  of  mashing  capacity. 

The  operation  should  be  in  accordance  with  the  follow- 
ing regulations,  regardless  of  the  type  of  the  cooling 
apparatus  used:  The  cooling  must  be  effected  without 
the  consum})tion  ol  excessive  power  or  water,  and  in  a 
comparatively  short  time.  Xo  decomposition  of  the  mash 
should  occur  durini*:  coolini»:.  The  construction  must  be 
such  that  the  a])paratus  can  be  cleansed  without  difficulty, 
in  order  to  avoid  tlu*  transfer  ol"  ferm(*nts  to  the  following 
mash  by  a<lhering  icmnaiits  of  picvious  maslu  s.  In  cool- 
ing the  masli  the  heat  is  t!ansferre<l  to  the  atmosphere  by 
conduction  and  radiation,  and  this  transfer  can  be  assisted 
through  eva])oration  b\  n  sorting  to  so-called  air-cooling. 
Tlie  cooling  of  the  mash  can  be  eiYecte<l  by  the  temperature^ 
lowering  efTe<*t  of  cold  watei";  this  is  known  as  water- 
<*ooling.  The  mash  can  also  hv  cooled  by  combined  air 
and  water  cooling,  and  by  the  appli(*ation  of  ice  to  the 

mash. 

Individual  distilleries  which  continue  their  oi)erations 
to  the  warmer  season,  and  utilize  river  or  i)ond  water  for 
cooling,  necessarily  emph^y  ice  to  aid  in  cooling  to  the  fer- 
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tici'cssiiiy  foi'  <-o(iliiiK  tliat  1  ))ouiid  of  Wv  in  melting  ab- 
siiilis  cihuikIi  li'-at  to  fool  7i):2'}  poiiiuls  of  water  f!iroui[li 
r  C.  or  l.S  V.  1)1  piiH-tifi',  the  etHilinn  effcet  is  less 
tluni  tiiis  tlit'orcticiil  value;  tlicicfore  a  j!:i'<^ater  quantity 
<if  ice  is  iieeessnrv.  Kxiverioitee  Iins  sliowil  tlint  t<i  oxi' 
1.IHJII  jrnjjoiis  of  iiiasli  at  Si;"  F.  to  5!l°  F.  about  l.liT"  to 
l.Tlin  iKiuiuls  of  ice  iu<*  rei|uisife.  Thus,  it  would  appwn'. 
tliat  till-  usi'  of  ice  citii  \h-  reeoiiniieii(if(l  in  fast'  of  alisu- 
hitc  necessity  only. 

II.    ALCOHOLIC  FERMENTATION  AS  IT  IS  UNDER5T0  D 
TO-DAY. 

riiilcr  tlie  term  alcojiolif  feiineiitatinn  we  umU'istaii'l 
llie  ilecoinposilioii,  iiKluced  i>y  yeast,  which  et'itaiii  vaiii'- 
lies  111'  <nu;nv  iniili'i-^o.  wlicreliy  the  sufsar  is  .-iplit  up  iiit" 
alcohol  aixt  carl)oiii<'  a<-iil  in  accordance  with  t)ie  (Hiualion 

Su«ur  Carhonli'  Al.oliiil 

l-'iimi  tilis  ciinalioii  il  wonlil  s(\  nj  that  in  nleoholie  for- 
iiiciilaliun  llie  siifjar  is  snmutlily  sjilit  u}>  into  alcohol  ami 
carlionic  aci<l:  such,  however,  is  liy  no  moans  tlit'  case,  ai; 
yeast  is  iiii  (KfjaTiisHi  which  i'onsiimes  sugar  for  its  nour- 
ishment anil  (iiiijiagalion  ami  also  converts  sujiar  into 
other  snhslain'cs  liesidcs  alcohol  anil  carl)on  dioxide  dur- 
ini;  its  nietaiiolic  cliaiijres.  <'oii.seiinently,  only  about  'M 
to  V-'y  per  cent  of  the  sujjar  is,  on  an  average,  converted 
into  alcohol  in  accordance  with  the  fermentation  fonii- 
ula.  One  humlred  jtarts,  hy  weiglit,  of  sugar,  split  up  di- 
rectly into  aicfihol  and  carlKniic  acid,  would  yield  51.11 
parts  of  alcohol,  and  4M.S1I  parts  of  carbonic  acid. 
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iiiid  siiiiiiltarn'ously,  tliough  indeiiendently,  tliTOUgh  the 
invi'SliKiitionsf  of  Seliwann  in  Geiinany.  Liebig,  however. 
i|iicsti()iied  tlu"  (HUTCctuess  of  this  view  and  declared  that 
it  waH  a  question  of  pure  cliemical  decomposition,  a  catalv- 
ti<'  inocess,  wliifli  could  also  !»  effected  by  unorganized 
bodies.  However,  tltese  investigations  were  soon  con- 
finiicd  by  ntliers;  Kutziiig  ])roved  the  existence  of  tlie 
vinegar  liacillus,  so  that  the  scientists  of  that  time,  includ- 
ing Liidcrsdoif,  Hailing.  Kaiser,  and  Troininer,  coni'eded 
the  triitli  of  tlie  new  teiicliing.  The  si>ccific  characteristics 
anil  tlic  orgiiiiized  nature  of  the  yeast  were  closely  studied 
in  FiiHU't'  by  I'astenr,  whose  investigations  i>roV'eti  thai 
yciist  iiouiislu's  ilwclf.  giwx's,  and  increases  like  many 
(liber  plants,  and  tlnsi^  iiivcistigatioua  of  Pasteur  were  coii- 
sidcifd  lu  (lisprovc  Licbig's  theory  coni)ilptely.  ("onse- 
i|iH'iilly,  iVniicnlation  came  to  Iw  considered  a  prot-ess 
i-aiised  by  tbc  oiganic  functions  and  tlie  life  of  the  yeast, 
that  it  began  and  ended  witli  the  latter,  and  that  it  was 
not  a  nii'T'e  siiii]i]e  cbeniical  deconi|>osition. 

K.  <'.  Hansen  materially  advanced  our  general  knowl- 
edge of  ft'riuentation,  iiiid  liis  investigations  end)raced 
llie  moipbological  as  well  as  the  ]iliysioiogical  and  biologi- 
cal behavior  of  the  yeast  varieties  which  ajipear  in  tiie 
pi-occss(>s  of  brewing.  His  researches  jiroved  that  wilit 
viices  of  yeast  cause  certain  of  tlie  so-called  beer  diseases 
and  that  these  were  not,  as  formerly  snp])osed.  due  to  bac- 
teria alone.  Hy  means  of  jnire  yeast  cultures  he  closely 
investigated  the  character  of  tlie  ditl'erent  varieties  of 
yeast,  and  he  based  upon  tlie  results  of  his  obsei-vations  a 
system  of  yeast  analysis  with  regard  to  the  kind  and 
nature  of  the  sjiores,  which  is  of  great  inijiortanee.  This 
system  of  analysis  resulted  from  cultures  which  Hansen 
obtained  from  a  single  yeast  cell,  and  in  wliicli  lie  studied 
the  ])l)ysiological  and  biotogieal  ])ro{)erties  of  tlie  orgau- 
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iv.-v: 

Tlio  ypast  lungus  or  me  oeer  wons  ana  spirii  uihsu" 
Ik'Iohjis  to  tlip  sacclmroiiiyces,  and  because  its  existence 
was  Hrst  demonstrated  in  I)eer  worts,  it  is  known  as 
Siirflniiiiinfici's  iricris'itic.  It  oomj)rise8  raono-celluia'' 
iniils;  ('a<'ii  <'i'll  is  eiiveloi>ed  by  a  firm  membrane,  whiclii* 
I'tiiiijuisfd  of  (k'!i<'ato  fungus  fcllulnse.  The  cell  contains 
the  jiii)l(i|]iiism,  a  fine  visoous  granular  juice;  the  ceil  juii* 
is  iiulli-;il<'d  in  till'  interior  of  tlie  cell  by  one  or  more  light- 
I'oloictl  /ones,  vacnoles.  which  are  circularly  deniarkcd. 
Viiimjr,  vigorous  i-olls  contain  one  vacuole,  while  older. 
wciilu'i'  rclls  contain  sfvoral.  The  vacuoles  should  Iw 
(■Ifjirly  dcliiud  and  of  fair  size,  neither  large  nor  small- 
ir  l)ii'  v;n'iiol('s  arc  barely  jH-rcciJtible  the  yeast  is  prob- 
alily  loo  young  for  use,  anil,  on  the  other  liaud,  it  is  a  sipn 
of  r\haii.-!lIoii  if  they  arc  ton  large.  Hecently  it  has  been 
^llo\^■n  thai  in  many  »-ases  each  cell  iK)Ssessps  a  nucleus. 

Till'  |ni>|jagalion  of  the  yeast  o{'curs  in  different  ways, 
rirsl.  vi'gotativcly.  llnongh  iirolification  or  the  formation 
of  Inrrioii  s|i;iwn,  and  secondly,  by  fructification,  tlirougli 
inli'inal.  emlogenous  sjune  formation.  The  first  method 
of  |iioiiagation  takes  place  when  the  yeast  is  found  in  fer- 
menting lii|uiils — it  is  the  one  wbicli  occurs  iu  spirit 
mashes  and  beer  worts— and  it  pvoeecds  as  follows;  The 
par.iil  cell  at  some  |Miint  of  its  surface  produces  a  projec- 
lion  which  gradually  grows  to  the  fonn  and  size  of  the 
imrenl  <'ell  itself.  At  the  |>oint  of  .iunction  a  little  parti- 
lion  wall  Is  formed,  which  divides  the  parent  cell  and  the 
lind  or  sprout.  At  the  same  time,  the  area  of  attachment 
begins  1o  decrease,  owing  to  the  constriction  and  separa- 
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tion  of  the  membrane  at  the  base  of  the  cell  foniiod  from 
the  bud  till,  at  length,  a  ver>'  slight  strain  is  sufficient  to 
detacii  the  new  cell  from  the  parent  cell.  In  many  cases 
immediately  after  the  separation  of  the  new  cell  from  the 
parent  cell,  a  new  bud  is  produced  at  the  same  place,  for 
there  the  cell  wall  is  thiunest  and  most  elastic.    On  the 
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other  hand,  any  point  wliatBoevcv  on  f)ie  surface  of  tlu' 
parent  cell  is  capable  of  prodiiciiif!;  a  bud.  Aci'ording  to 
the  variety  of  the  yeast,  tlic  ci'lls  either  separate  (piickly 
into  individuals,  or  aggregations  or  tfliains  of  spores  arc 
fonned.  Each  uewly-fonned  cell  at  once  possesses  the 
ability  to  act  as  a  mother  cell,  and  to  produce  sprouts 
or  buds  in  turn ;  under  favorable  climatic  conditions  a  com- 
pletely developed  bud  cell  can  be  fonned  from  the  parent 


•2U 

wll  within  a  quarter  of  an  hour,  and  a  small  number  of 
vfiist  it'lls  is  suffic'ieut  to  fill  completely  a  large  mass  of 
iifjiiid  ill  the  short  time  of  a  few  days.  On  tlie  other  hand, 
till'  i-ontimied  reproduction  of  the  yeast  also  has  an  uppC 


limit,  and  it  is  impossible  to  form  more  than  a  certai*- 
dcHniti'  (|iiantity  of  yi'nst  masses  in  a  certain  volume  c?' 
tin'  iVniii'iitiiif!;  liquid. 

I'udcr  projier  eouditious  of  cultivation,  the  8i»ore8  es:' 


liibit  peculiar  characteristics,  by  menus  of  which  they  can 
be  distinguished  from  ea<*h  other,  and  which  determine 
tlie  race  of  tlie  yeast.  Thus,  Lindner  has  recently  found 
that  in  cultivating  yeast  in  so-called  "drop  culture,"  most 
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eompreased,  top  yeasts  (baking  yeasts)  grow  in 
se  aggregations,  while  otiiers,  snch  aa  the  distill- 
ist  Bace  II  and  all  bottcan,  beer  yeasts,  grow  in 
lightly-connected  masses.  These  different  types 
lopment  are  of  great  value  in  the  biological  analy- 
lixtnres  of  yeasts.  The  characteristic  appearance 
ing  yeasts  in  sqnarrose  and  loose  aggregations  is 
D  Figs.  45,  46,  and  47. 
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the  surfaoes  of  standing  fermented  liquids  covers 
branes  sometimes  ap))ear  which  may  be  fungus 
)ns,  due,  for  instance,  to  mold  fungi.  It  has  been 
however,  by  Haiispii,  that  these  covers  may  also 
of  peculiar  foniis  of  saccharomyces.  As  a  rule 
d  to  form  long  cells,  as  illustrated  in  Fig.  48. 
econd  process  of  i"e]iroduction  is  that  of  fructifi- 
n  which  spores  are  formed  in  the  interior  of  the 
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iiilniirt'ii.  sucli  as  slices  of  sweet  fruit,  or  sterilized  bloobfi 

of  jilastcr  of  Paris,  witli  suffieient  access  of  air.     The 

time  or  duration  of  the  si>ore  formation  at  a  certain  tem- 

jjerature  varies  with  the  dif- 

/fV        x-v  ferent    varieties    of    yeasts. 

"  i^Qh'  C!f       '^!Sm  "''''^  phenomenon  provides  a 

\Jsi>  f^  /^       means  for  distinguishing  the 

^-."^     eS*)  '/'^P'')    varieties,  according  to  Han- 

■'     jp)  QQ  S^    sen.     Wlicn    yeast    cells    in 

\^  ^Qr  (    J      wiiieh  spores  are  forming  are 

c,     |..  _[;,.„|.|    K„HMi>-r    YnsT    iii'i'<^'l"*'*^'il  "'*•>  feniientablo 

Ctias.  Ii<iui<is.  the  spores  hegin  to 

swell,  burst  through  the  walls 

111'  tiie  pnreiil  cell,  antl  thus  t'onn  hnds.   Yeasts  also  gi-ow 

upon  siilid  snitporls  sucli  as  fjeliitiiie.       If  even  a  vei-j' 

siiiiiil  iiiiiiiility  is  implanted  upon  flie  snpiiort.  large  aggro- 

s:;iterl  iriJisscs  arc  fri'ailuallv  funned  from  it,  -whicli  are 

i-haractcrized,  according  to  Liiulner.  as  giant  colonics, 

V.-PURE  YEAST  CULTIVATION. 

Ki'om  a  ]ii'acfical  standpoint,  the  saccharomyces  are 
ilivided  into  two  classes,  cultivated  or  artificial  yeast,  and 
■wild  yeast.  The  latter  jiartially  larks  the  ca))acity  for 
endogenous  spore  formation,  while  the  true  saeeliaromyei's, 
the  culture  yeasts,  all  possess  this  characteristic.  The 
culture   yeasts    possess    the    ability,    evidently    acquired 
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tl:iy  lunvi'Vfr.  this  ]»reser\-ation  of  the  yeast  is  no  longer 
iiit-t'ssiiry,  in  (lonnaiiy  at  any  rate,  as  there  the  Pure 
V«';ist  I'uliniv  Instilnte  at  Berlin  is  able  to  supj)ly  tlie 
(lisiiili'v  at  any  linu'  with  any  ([uantity  of  pure  culture 
\«';ist  at  slijrht  cxin-nso.  To-<lay  tlie  Institute  produces 
ai'i'ioxiiiiatfly  ■Jti.iMKi  jMiunJs  of  seed  yeast  for  use  in  Ger- 
li.an  liistilK'iifs  cm-h  year. 


.9 


Canlsiierg  FlasK- 


I'll.'  .■ulii\atii>n  ot"  pniv  yoast  is  carrieil  out  as  follows: 
I'l.'in  !i  iiii\lni«'  of  tlitlVii'nl  v;irii'tit's  of  yeast,  a  single 
,-.■11  III  \  iii.'ious  i;ii>\vlli  is  isolaii'il.  nnd  is  allowed  to  fonu 
a  ..>K'u\  in  a  slorilo  nutritivo  solution  or  gelatine.  It  is 
lli.n  )>.-uiiint'.l  to  d.'ViIoi*  into  iiiassi's  of  iMiltiin.',  obseiT- 
im;  :iM  ill.-  wliiK-  the  givniesi  rare,  tjrst  in  a  Tasteur  flask 
illl.-,l  with  sioiilo  wort.  .'n)d  after  soverals  days'  Rrowth, 
\u  ;i  l;iim'v  vt'ssol.  a  ("arlslierp  tlask  for  further  merease. 
rill".  .«0  and  :A  itlnntrale  a  Pasteur  tlask  and  a  Carlsberg 
(Itmiv  iw|'«vti\elj.     To  insun*  greater  safety  in  the  ojiora- 
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t'orceps  and  platinum  wires,  which  have  been  sterilized  in 
a  flume,  can  l)e  recommended  for  this  purpose.  After  care- 
ful examination,  tlie  cells  to  be  transferred  to  Uie  Pasteur 
flask  are  selt'cted,  and  their  boundaries  are  marked  off 
with  a  fine  brush  and  a  little  white  color.  The  covering 
glass  is  lifted  off  itu  ring,  and  placed  preferably  upon  a 
(lark  backpround,  upside  down.  The  selected  spots  are 
touched  with  the  platimnu  wire  held  by  the  forceps  and 
jneviously  sterilized  in  a  flame.  The  infected  platinum 
wire  is  inserted  through  the  oiJcning  in  the  flask,  and-al- 
Inwod  to  t'nil  into  the  same.  The  flask  is  heated  to  77° 
Id  Sl'  F.,  and  in  the  course  of  one  or  two  days  there  is  o. 
wt'li-niarked  development,  if  foreign  infection  has  bten 
av<)ided. 

'I'lie  furlhev  development  is  carried  out  preferably  in 
tlie  Cnrlslicrf;  flask  after  the  growth  in  the  Pasteur  flask 
liiiH  reached  the  jiroper  jiuint.  Tlie  growth  develoiied  in 
the  t'arlslierg  flask  is  used  to  develop  the  yeast  iu  Lind- 
ner's pure  cullnie  apparatus,  in  which  a  mass  of  yeast 
ran  be  produucd,  which  is  sufficient  for  pitching  a  large 
vintilaliiig  iiiashinH:  '^'Ht  of  '2.WH  gallons  capacity.  Lind- 
ner's apparnliis  is  illustrated  in  Fig.  o2;  it  can  be  con- 
stiucted  at  liltio  expense,  is  siiiiide  in  operation,  and  is 
particniaily  suited  ior  working  on  a  small  scale.  It  com- 
j'l'ises  a  I'asleur  flask  li  and  tlio  copjK'r  cylinder  A,  ami 
has  nsnally  a  capacity  of  production  of  about  one  i^uart 
of  thickly  Ihiid  yeast.  The  Pasteur  flask  has  a  capacity 
of  from  eight  to  ten  ijuarts,  while  the  cylinder,  which  is 
some  :^n  inches  long,  has  a  capacity  of  about  seventy 
iiuarts.  This  cylinder  has  a  jiipe  ('  for  steaming  and 
aerating  (he  contents,  nnd  for  this  jmrpose  ('  is  provided 
with  i)erforations  and  also  projects  well  into  tlie  cylinder. 
The  cylinder  is  lurlhcr  provided  with  two  short  tulies,  one 
of  which  joins  with  the  pipe  C,  while  tlic  other  is  ])ro- 
vided  with  sections  of  nibber  tubing  iJj,  Dj.    E,  and  E^ 
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are  glass  tubes ;  F,  and  Ft  are  similar  tubes,  and  for  the 
purpose  of  air  filtration,  are  filled  with  cotton.  D,  to  Z>j 
are  Binall  rubber  tubes.  In  using  Lindner's  apparatus, 
the  cylinder  A  is  filled  about  two-thirds  full  witli  fresh 
wort  sterilized  by  the  introduction  of  steam  or  ))y  other 
heating.  After  about  ten  minutes,  during  which  steam  is 
allowed  to  escape  slowly,  the  pipe  for  the  introduction  of 
the  steam  is  closed  with  a  oH|)  and  is  connected  with  the 
sterilized  air  filter.  The  wort  is  then  allowed  to  cool  to  a 
lower  temperature,  either  by  means  of  water  cooling,  or 
by  allowing  the  apparatus  to  stand,  and  the  wort  is  then 


Fhj.   52.— LiNDNi 


infected  with  the  yeast  from  the  Pasteur  flask  li.  This  is 
accomplished  by  withdiiiwiiig  tlie  tube  /^,  from  flie  gliisi^ 
tube  En,  and  substituting  for  it  the  tul)e  />-..  I'nsterilizt'd 
air,  of  course,  must  not  be  allowed  to  enter  tlic  iippaiatus 
(luring  these  operations.  Tlie  cuitivated  yeast  is  allowed 
to  run  into  the  cylinder  .1  l)y  raising  tlie  flask  B,  and  as 
the  wort  must  be  aerated  to  sii|iply  the  yeast  witli  the 
neoessan.'  oxygen,  the  tul>e  /•';  is  connected  with  a  jimnp, 
and  air  is  drawn  flnougli  the  filter  F,  and  the  perforated 
pijie  C  into  the  cylinder.  After  the  aeration  is  complete, 
usually  after  the  ex])iration  of  one  hour,  four  or  five 
quarts  of  the  infected  wort  are  returned  to  the  Pasteur 
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Mask,  ami  tlit-ie  alloweil  to  fennent  to  provide  sowing 
yciist  lor  tin*  next  fcimentalion.  When  the  operation  is 
cniiipK'tt'il.  the  fluid  collected  over  the  yeast  iu  B  is  jjoured 
liack  into  .1.  IJy  means  of  the  glass  tube  £,  the  jirogress 
(if  IVinu'iitjitioii  in  A  can  be  readily  observed.  In  emptj'- 
iii.i:  the  i-ylinder  the  fluid  is  allowed  to  run  out  through 
/^  until  sniidi  particles  of  yeast  appear,  when  the  opeiiiug 
i>  i-ltised  with  a  ulass  stopjier.  The  cylinder  is  tben 
viu'numsly  ajritatcd  to  stir  iij)  the  yeast  thoroughly  witli 
till-  lluid.  and  the  whole  is  finally  allowed  to  run  out. 
Six  days  are  usually  necessary  for  the  cultivation  at  a 
ti  iiipi  liiture  tit"  about  (iir  F.  Sometimes  the  development 
itf  llii-  yeast  pHJireds  with  such  rapidity  that  in  ten  iiours 
il  is  ]ii)ssililii  ill  obtain  from  10  pounds  of  sowing  yeast 
{{•<  iinii'ii  as  L'lHl  jiimnds  of  [lure  culture  yeast. 

Tliisi'  iiu'lbnds  nf  yeast  preparation  depend  upon  tlic 
]iiitn-iplcs  wliicb  have  been  <U'velot)ed  in  the  processes  of 
I  rcjiiiritifi  ]:un'  yeast  in  larye  iiuantitits  for  practical  imv- 
pMScs,  and  in  accordanec  with  the  methods  nf  eompressetl 
yeast  nianufiiclurc.  Of  course,  the  o]ierations  must  be 
carried  out  under  such  conditions  tliat  the  introduction  of 
wild  yeast  or  even  of  bacteria  inimical  to  fermeutatioii  is 
Hot  possible.  Tlie  success  attending  the  use  of  pure 
culture  yeast  has  been  so  remarkable  that  in  the  distil- 
In  ies  it  has  been  )iossible  to  accomi)lisli  results  with  tlie 
Veast  liaces  II  and  XII.  which  have  never  hitherto  beeu 
attained:  these  two  races  ]irimarily.  induce  pure  and  activL' 
rermenlalioii,  so  that  llie  alcohol  yield  is  considerably  in- 
creased. For  these  reasons  it  may  be  reconnnended  with 
sincerity  that  every  distillery  should  introduce  such  ef- 
feclive  races.  They  will  be  found  of  the  greatest  benefit 
in  every  distillery. 

VI.-THE  VEAST  RACES. 

Tlie  cultivated  yeasts  include  two  characteristic  fonus, 


■2-2* 

yctist*  josst'ss  uo  diastasi?:  a  uumber  of  distilling  yeasts 
ill)'  I'otir  ill  iliaiitasc  iSaaz  yeast).  tUliers  again,  possess 
iliiistnst'  in  larjit'  quantities  (Frobberg  yeast).  Certain 
vniivtits  ol"  yt'ast  aio  i-apaMe  of  saccliarit'ying  dextrins 
il'diiiln-  yoastt.  and  stan-h  (Ann/loinifcvs  ttotij-ii).  Tie 
lasl  iwti  variftiis.  Iiowevi-r.  ai-e  not  available  for  com- 
nicnial  |'ui|ii)sts  witlt  our  i>rest'nt  nietbods  of  artifirUl 
ytasi  ]<i'in|u<'tii>ii. 

■J.  'I'lii-y  iinist  iviidor  allmmeu  digestible  for  their  uses 
if  till'  Mia^hfs  avi'  yvor  in  tliis  nutritive  substance.  Tie 
iiizyTiit'  ]if|itasi'  ctYtrts  tliis  dcooniiwsitive  process;  yeafits 
wliii-li  jmssoss  tno  iiuicli  pci'tuse.  however,  are  easily  de- 
^ll.ly^■^!  iliiniij:li  lliis  di.ssolving  of  their  substance. 

'.).  Tlii-y  must  ilcvrKiji  stroiijrly.  and  must  fenuent  witb 
(■\i-liisiiu(  til"  ihi'  air,  l'<ir  thi'  niashos  contain  no  air  daring 
r.  rriifiitali.m. 

4.  'I'liiv  slmiilii  lundmv  larpo  yields  of  alcohol,  and 
ilii'V  imisl  I'c  able  to  ciiduR'  the  prosenci'  of  alcohol  in 
i-misiili  lablc  iinaiilitics  if  tlicv  arc  to  be  used  in  fenuent- 
iii;r  rniM'fiitialril  iiiaslics.  Ill  inotlu'r  yeasts  and  in  maslies 
lii-li  in  al.'tihul.  iiijurinus  funirl  cannot  exist.    Beer  yeasts 

'i.  They  iriust  be  able  tit  witlistand  acids  in  considerable 
(|uaiititie.-;,  f<ir  then  It  is  possible  tti  iirepare  aiiificial 
yeast  with  acid:  tliis  use  of  acid  is  of  advantage,  as  acid 
destroys  inimical  finijri.  lU'cr  yeasts  caimot  withstand 
acids. 

(1.  They  must  grow  quite  strongly,  that  is,  propagate 
rapidly,  for  then  they  ovoreonie  injurious  fungi. 

7.  They  nnist  be  able  to  witlistan<l  beat,  for  it  is  jtos- 
sihle  to  couipletc  tli«  fermentation  with  sufficient  rapid- 
ity only  if  it  is  conducted  at  liighei-  toini'ciafures.  Beer 
yeasts  cannot  endure  heat.  The  yeasts  must  not  i-equiif 
too  wann  a  tenii>erafure.  for  at  a  high  fenucntiug  teni- 
iwrature  too  much  alcohol  is  volatilized. 
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I'iii't.  tlioy  ai-e  partly  dead  and  partly  very  mtich  enfeebled, 
ln'i'iinsf  (if  tbe  large  (juantity  of  alcohol  fonned  and  be- 
t-misi'  iif  the  lat'k  of  nutriment. 

Gi'Mwiii^  and  fornienting  yeast  keeps  the  mash  pare, 
ami  t<ir  tliis  icasoii  it  is  not  advisable  to  t>enmt  the  nia&li 
l(>  >l!iiiil  witliuiit  yt-ast.  This  is  known  as  the  avoidance 
.if  (U-a.l  in-ii(i(ls.  and  it  is  usually  aei-omplisbed  by  adding 
liu-  vi  jist  ii'  llit'  iiiasli  early  in  the  mashing  operation.  A 
siirticiciit  i[Uiiiitity  of  yeast  should  always  be  added;  the 
y.asi  vf'-iSfl  slioiild  he  t*i|iial  in  capacity  to  about  one-tentli 
that  (if  till-  fiMiiioiiliiig  vat.  while  the  mother  yeast  vessel 
-liMiilil  111'  alioiii  Muo-tliird  tin?  size  of  the  former.  The 
>i:isi  >!inuM  lu'  thoroughly  distributed  in  the  mash,  so 
liiiLl  i]ii'  I'Miti-flinf;  yeast  wlls  iuliabit  it  throughout;  the 
iiia>li  imi>t  lu'iiiu  to  feniifnt  and  beeome  active  very 
lai'iiily.  ;..i  tiiat  the  yeast  cells  may  reach  all  points  of  it 
to  avert  tile  danircr  of  inl'eetiou  by  foreign  and  inimical 
I'liiiiii. 

\[1. -FERMENT ATION>EXCITINa  MOLD  FUNQI  AND  BACTERIA. 

I'citaiii  varieties  of  mold  I'miEct  are  capable  of  inducing 
ti-iiiu  iilatioii.  Tinier  oidiiiary  eoiiditions  these  fonn,  in 
liie  air.  jniifr  sjiiiwn  tlnvails.  which  thicken  to  barrel-sha|>ed 
nil  iiilu'is,  and  wliiili  excite  I'cinieiitation  when  they  are 
iiitiudiK-eii  into  solutions  coiitaiiiiag  sugar.  These  barrel- 
sliajietl  iiiciiilicis,  "goiiis."  yratlually  assume  more  and 
nunc  the  a]ij'earancc  of  ycast-like  forms,  and  increase  by 
]>i'o]itication.  I'lidcr  these  circuinstaiiccs  it  is  possible  to 
conceive  that  the  .•iiurhdioiii.ncf-'^  are  descended  from  mold 
fungi.  Among  the  mold  fungi,  iliiiur  tirctiis  possesses 
llie  greatest  fenncnting  power,  tliougli  it  can  fennent  dex- 
fruse  and  h'vuh)se  only,  while  Miicor  inn  mo-itia  is  cajiahle 
of  fermenting  dextrose  and  levuloso  as  well  as  maltose 
and  sarrharosc. 

The  mold  fungus  Amiflomt/ces  Rou-i'ii,  previously  men- 
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aiL<l  a1i-<'>)i<>l  vai>or.  m  well  as  to  radiation  and  condnction, 
iliMniirh  wliioli  laijre  quantities  of  heat  are  lost.  Never- 
ilii.  Ii'ss.  till*  lifiitiiig  of  tlie  masb  is  not  inconsiderable,  and 
iiiiiltT  ffi-laiii  t.-irciniistances  it  may  even  be  injurious  to 
ilif  t'citiit'Utiition.  and  may  i-e<iuire  special  consideration 
ir.  the  i>|it'i'atiou:f.  for  instance  tbe  applicatioa  of  vat  oool- 
ini:  devici'S. 

I\.  -SUBSTANCES   SUITABLE   FOR  THE    NUTRITION    OF   THE 
YEAST. 

Yrtisl  i.-  a  plant,  and  tlierefore  requires  nutritive  sub- 
plaui-i  s  nt'  oriiaiiii'.  nitrogenous  and  non-nitrogenous,  as 
wi-H  as  uiiniTal  huiii.  The  fhief  non-nitrogenous  organic 
mm  iiiw  siitislaniu  for  tlic  yeast  is  found  in  sugar. 
Aiiiiiii^'  the  nitro.iienous  niiti'itive  substances  of  greatos^t 
!iiii'i'ii;;nc-i'  an-  llie  amides,  im-hiding  iisparagin;  these  are 
li'iiinl  in  rtuisiili'iattle  ijnautitios  in  potatoes  and  malt, 
'rih-  >(a>l  lan  also  utilize  aninionin  combinations;  among 
thi-  allinTiiiiini.ls.  tlif  |n.'pt*>nt'^  are  fairly  good  nutrients, 
thiMiirli  tmiinaiy  alliuinen  is  liardly  suited  for  this  pur- 
pt:!*c,  Amiinj:  the  miiu'ral  sulistancfs.  yeast  chiefly  re- 
ipiiri-s  pht'spliate  and  luitasslnin  salts,  and,  ou  the  other 
hand,  lull  very  .<niall  tiuantities  of  magnesia  and  sulphur 
(•onihinatinns.  In  practice  tlic  mineral  substances  are  of 
no  ini|iort«iici',  as  they  arc  found  in  sufficient  quantity 
ill  the  mashing  materials,  'riierefore.  it  is  still  an  open 
i|iU'stion  whether  «'r  not  it  is  of  advantage  to  add  potas- 
sium phosphate  during  the  feiinentatiou;  at  any  rate,  fer- 
mented potato  mashes  always  contain  sufficient  soluble 
phosphate  and,  es|*cially.  potassium  salts.  Pure  eoni- 
]iicssed  yeast  comprises  '25  ]ier  cent  of  dix  substance  and 
7.")  ]>er  cent  of  water;  IDO  jKiris  of  the  diy  substance  con- 
sist of  (W  per  cent  of  albuminoids,  S-  per  cent  of  non- 
jiitrogenous  substances,  such  as  cellular  stibstanee,  fat, 
and  glycogen,  and  5  i)er  cent  of  mineral  substance.     Tbe 
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)i)iiirii>  ac'u]  have  weaker  efTect,  and  lactic  acid  and  tar- 
taric arid  i)('t  u]ioii  tlie  ferriientation  least  vigorously  of 
all.  Volatile  fatty  acids  also  tend  to  arrest  ferraeutatioD; 
:iiiu)ii>{  tliese  is  luityriir  acid,  which  does  so  very  energetic- 
ally. As  tliuse  Kiihstaiu'L'S,  includiug  butyric  acid,  are 
:ilso  )iii\v('rl'»l  bacteria  and  yeast  poisons,  a  predetenuined 
and  jHdpcr  ([Haiitity  of  any  one  of  them  provides  an 
jiclivc  iiit'aiis  for  assisting  tlie  yeast  in  overcoming  com- 
petitive i'liiijii.  Investigations  conducted  by  Delbriick  and 
l-anK«'  liave  shown  that  an  artificial  yeast  which  has  !»- 
cMiiic  jicciistonu'd  to  Inityric  acid  remains  pure  under  the 
iiiMticiicc  of  this  ai  id  for  a  longer  period  than  when  as- 
sisd'd  liy  pure  lactic  acid.  Alkalies  comidetely  arrest  the 
|iiii|i;iiralii)ii  of  the  yeast  and  the  fermentation,  and  for 
llial  tcasdii  all  fermenting  tlnids  must  contain  a  certain 
.|iiiiiilily  of  a<-id. 

XI.-  SUBSTANCES  CAPABLE  OF  FERMENTATION. 

I  >n!y  varieties  <if  sugar  liaving  the  composition  CrtUiiOn, 
such  as  dextroso  (glyeose)  and  levulose  (fnactose),  aiv 
dinelly  ca}tal»le  of  fermentation.  All  other  varieties  of 
sugar  wliieli  arc  eiicmmtered  in  s|)irit  manufacture,  for 
instance,  eaiie  sugar  ( sat 'i'lia rose),  (.'i.IIiiOn,  and  maltose. 
(',H....(t„.  aic  not  directly  fcimentahle,  but  by  means  of 
certain  enzymes  of  the  yeast  they  nmst  tirst  lie  converted 
into  f(  inientalile  sugars— eane  sugar  into  invert  sugar, 
which  is  a  mixture  of  levulosc  (fnictose)  and  glycose 
< dextrose),  and  maltase  into  glyeose,  by  the  enzymes 
invertase  and  glucaso  respectively.  Certain  yeast  races, 
which  do  not  contain  such  transforming  enzymes  are 
unable  to  ferment  the  corresptniding  varieties  of  sugar. 
Thus,  for  instance,  the  most  powerful  distilling  yea.sts 
cannot  ferment  milk  sugar,  and  for  this  purpose  a  special 
yeast,  fonnd  in  milk,  is  necesaarj*. 


ITS     MANUFACTURE     AND     USES  231 

X11.-5UBSTANCES  PRODUCED    BY  FERHENTATION. 

The  strongest  yeast,  developing  and  fermenting  under 
complete  exclusion  of  oxygen,  produces  as  main  fermen- 
tation products  alcohol  and  carbonic  acid  from  about  94 
per  cent  of  the  fermented  sugar,  while  about  6  i>er  cent 
of  this  is  changed  into  other  natural  and  unavoidable 
metabolic  substances,  chiefly  succinic  acid  and  glycerine. 
The  appearance  of  the  glycerine  can  probably  be  a8cri])ed 
to  the  decomposition  of  the  lezithin,  as  well  as  to  the 
activity  of  the  fat-decomposing  enzyme,  li])ase.  We 
know  tliat  dying  or  weak  yeast  produces  greater  (juan- 
tities  of  by-substances  in  the  form  of  organic  acids  and, 
principally,  fusel  oils.  The  evolution  of  the  latter  should 
not,  however,  be  entirely  ascribed  to  the  weakening  or 
destruction  of  the  yeast,  as  certain  of  the  raw  nuiterials, 
such  as  corn  and  other  grains,  lend  themselves  more 
readily  to  the  production  of  greater  (juantities  of  the  fusel 
oils,  than  do  potatoes;  furthermore,  certain  bacteria  ai(» 
probably  concerned  in  the  formation  of  the  fusel  oils. 
The  chief  constituent  of  the  latter  is  amvl  alcohol.  Thev 
-also  include,  however,  a  large  number  of  othei*  alcohols 
of  the  same  group,  such  as  proi)yl  alcohol  and  butyl  al- 
cohol and  their  isomers.  Certain  yeasts  also  i)roduce  aro- 
matic ethers,  and  others  sulphureted  hydrogen. 

The  following  quantities  of  al(*ohol  can  theoretically  he 
produced  from  1  i)ound  of  the  corresi)0]Kling  carbohy- 
drates, with  the  ])ractical  assunii)tiou  tliat  (i  per  cent  of 
the  sugar  is  unifonuly  changed  into  by-products: 

From  94  percent 
Theoretical.        of  fermented 

sugar. 
100  pounds  of   dextrose   free   from 

water    7.3  gallons        6.8  gallons 

100  pounds  of  cane  sugar  and  mal- 
tose        7.7  gallons        7.2  gallons 

100  pounds  of  starch 8.1  gallons        7.G  gallons 


or  I'K*  jwundi^ 

Dextrose  frei 
Cane  sugar  i 
Starch    

XIII.— 5CHIZC 

Aitiuii}?  the  must  uiijiivasaui  piiKuomena  in  me  aisuiierj' 
are  the  schizotnyeetie  fermentations  produced  by  fission 
t'iiiij!;i,  I'siwcially  those  which  are  inimical  to  the  growth 
and  fennentativo  efficacy  of  the  yeast.     Thus,  it  is  the 
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h'lii.  ;•;[.— Tub  Develoi'mknt  ami  Siiikk  Fobmatio-n  of  ViBiovs 
ScuizuMVrGTii:8. 

chii't'  )ii)ii  of  the  distiller  to  suppress  the  exciters  of  in- 
,imiiiii!i  t'eniu'iilation  and  tlie  bacteria  in  general,  as  far 
u»  \\\\<i  ie>  poMsilile  with  the  present  means  afforded  by  the 
si-it'iuv  wi  IVn Dentation,  and  to  keep  the  fermenting 
ruiuids  I'rvt)  I'ltiin  these  fungi.  Fig.  53  illustrates  varieties 


Kiitiiijr  the  physiological  pharnoteristics  of  twMity-three 
liilTiTciit  niccft  of  hu'tie  acid,  wliit'h  will  ap^jear  in  distilling 
iiiiishi's  mill  worts,  \V.  Hemieberg  (Institute  for  Ferraen- 
tjitinii  linhistrios)  found  that  tliey  are  of  widely  differing 
vahic  for  tlie  inir)M)S)'s  of  the  distillery,  and  that  but  few 
of  tin-Ill  ;uv  capahk'  of  producing  sufficient  quantities  of 
acid  to  iiisiirc  th^  nnn-np))eai'anoe  of  scliizoniycetes  in- 
iniical  to  tVrnicntDtion.  For  tliis  reason  it  is  advisable  to 
use  thoruujriily  tested  luetic  acid  cultures  only,  just  as 
pure  rultuiv  yeast  alone  sliould  be  used  to-day,  for  tben 
(inly  arc  gofwl  results  assured  during  the  subsequent  op- 
eialioiis.  ('erlaiti  lactic  acid  bacteria,  whicli  fonn  acetic 
acid  as  well  as  lactic  acid,  aj"e  directly  injurious  to  the 
yeast.  Lactic  aeid  t'entieiitatjon  is  a  siui]>Ie  decomposition 
of  the  sujrar  iiiulccule  into  two  lactic  acid  molecules,  as 

The  resulting  ladic  acid  is  easily  soluble,  not  crystal- 
line in  tonii,  ami  is  of  syrupy  consistency.  It  has  an  acid 
h  actiiiu,  lint  is  witlunit  odor,  and  tonus  a  great  uuuilier 
■  .r  sails  wliich  crystallize  easily. 

The  |i>Milticts  ol'  luityric  acid  and  butyl  alcohol  fennen- 
latinn  are  less  iii.iiirion.-i  to  alcoliolic  I'eniientation  than 
the  development  itself  of  the  bacteria  which  induce  these 
reiinentalJuiis.  The  exciters  ol'  ihese  forms  of  fennenta- 
tioii  belong;  largely  to  the  lincterial  genus  amylohmtfr, 
wliich  }uvsent  a  remarkable  di  (Terence  in  their  develoj)- 
nicnt  and  their  fenuen  tat  ion -inducing  characteristics  from 
tlio.se  of  the  lactic  acid  hacteria.  They  develop  most 
stnuigly  at  bjood  tenqterafure,  \)9.y  F.,  while  at  122°  F. 
tlicy  barely  develoji  at  all.  On  the  otlici'  hajid,  the  latter 
tcnqierature  is  most  favorable  for  the  devclo|)ment  of  the 
lactic  acid  bacteria,  and  coneeiiucntly.  to  lactic  acid  fer- 
mentation, so  tljat  under  tlie  mainteuauce  of  tlds  tempera- 
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ture,  pare  lactic  acid  fermentation  is  attained,  which,  in 
consequence  of  the  strongly  acid  reaction,  does  not  permit 
the  oUier  bacterial  fermentations  to  arise.  In  the  laetic 
acid  fermentation  in  the  yeast  mash  the  greatest  attention 
should  be  paid  to  tlie  temperature,  and  under  no  circum- 
stances should  this  be  allowed  to  fall  below  122°  F.,  for 
should  this  be  the  case,  injurious  varieties  of  bacteria 
would  settle  in  the  mash  and  would  jiroduce  the  poisons 
which  are  harmful  to  the  yeast.  The  inimical  lactic  acid 
bacteria  flourish  at  9!).5°  F. 

Acetic  acid  fermentation  is  also  caused  by  different 
varieties  of  bacteria,  and  i>articularly,  through  the  trans- 
fer of  oxygen  to  the  alcohol  formed  by  the  alcohol  yeast, 
in  accordance  with  the  formula 

c,H/)  +  20  =  (r,H,o.  +  n=o 

Alcohul  An-'tlcAcld        Wulor 

The  most  perfect  cleanlineHs  only,  is  effective  against 
the  acetic  acid  bacteria,  which  consume  the  alcoliol  of  tlie 
masli,  but  exclusion  of  tlie  air  is  iilso  of  Jis-sistance,  for 
without  the  co-operation  of  oxygen  tlie  vinegar  fundus  is 
unable  to  fonn  acetic  acid,  Tlicre  are  certain  varieties  of 
vinegar  fungi  wliicli  transform  the  sugar  into  acid.  As 
the  strongest  acetic  acid  fontiation  takes  }ilace  at  higlier 
temperatures  only,  wliicli  arc  no  loiijicr  eiiiploycd  in  fer- 
menting mashes,  it  is  IiitnUy  to-iiiiy  a  smm-e  of  Kreat 
danger  in  the  distiliciy.  On  the  oilier  hand  it  is  cni-imii- 
tered  with  great  frci|UcTii  y  in  I'crtain  yeast  fiu'tories.  and 
the  souring  of  tli»'  yeast  can  larjiely  be  ascril)ed  to  tlie 
action  of  acetic  acid  ba<'lt'ria. 


THE  PREPARATION  OF  ARTIFICIAL  DISTILLERY  YEAST. 

BKKOKE  the  mash  can  be  fennented,  the  exciter  of 
iVniioiitatioii,  the  yeast,  must  be  prepared  in 
piuiH'i"  (iiiaiitity  and  in  a  suitable  manner.  The 
yt'ast  is  inodiici'd  from  an  available  seed  yeast  or 
"tnothcr  yeast,"  ur  at  the  beginning  of  the  operation, 
liotii  a  kiKiwn  jiuro  cultiire  yeast,  which  is  propagated 
in  ii  suitably  luvpaied  yeast  mash.  It  is  allowed  to  in- 
irtiisc  ill  tht'  latter  s(i  that  ripe  yeast  of  the  highest  fer- 
iiK  iitiitivc  jHiwer  and  free  from  micro-organisms  inimical 
tn  l'i!iin'iit;ili»m  is  obtained.  The  strength  and  purity  of 
till-  IVriiuritalinn  arc  not  alone  dei>endcnt  upon  the  method 
of  vcasf  ]ncpai'!t1i(ni.  I»ut  the  latter  inflnenees  the  cliar- 
actci'  of  Ibc  tVrnicntatinn  as  well.  The  yeast  must  be 
ill  the  proper  pliysioloj^ical  condition.  If  it  is  in  too 
luxnrious  a  state  it  pnvdiiccs  foaming  fermentation;  if 
liopcily  riju'iicd,  it  induces  sniootii  and  lasting  fermen- 
liitiou.  liivwcrV  yeast  can  be  used  for  fermenting 
maslics;  but  a.«  it  is  not  always  possible  to  procure  a 
supply  of  Ibis,  it  is  imiiortant  that  the  distiller  should  he 
I'aniiiiar  with  tlic  methods  of  yeast  preparation,  to  insure 
:i  successful  yichl  of  alcohol  at  all  times. 

I.— THE  PREPARATION  OF  THE  VEAST  HASH. 

The  niosh  is  prepared  from  malt,  with  tlie  addition  of 
grain  or.  more  f  reciuently,  sweet  mash ;  a  yeast  mash  of  this 
character  contains  all  the  nutritive  substances  necessary' 
fur  active  yeast  propagation.  For  the  jireparatiou  of  an 
ctTcctive  yeast  niasli  and  a  lu'oiwr  yeast,  it  is  necessaiy, 
alM)ve  all,  to  provide  a  nutritive  base  free  from  bacteria. 
For  this  reason  the  malt  or  other  raw  material,  such  as 


yichJs  more 
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ail'  siipinvt-ijL'il  by  this  means.  Nowadays  the  infeetian 
cHuseil  by  fission  fungi  is  seldom  a 
(lanjfer  in  tlie  prejiaration  of  concen- 
trated yeast  inashes.  The  ateohol  also 
iiccoin|)Iishes  the  maturing  of  tlie 
yeast. 

Tiio  starch  iircsent  in  the  malt  mnsl 
be  dissolvcti  and  trausfonued  into 
iiii^ar  as  coinpletely  as  possible.  As 
Diiilt  staroli  is  liquefied  at  higher  teui- 
]ifratures  only,  the  mashing  of  the 
yvast  timsh  inust  be  carried  out  at  coin- 
luiratively  liigb  degrees  of  -waniitli: 
these  are  furtliermore  necessary  for 
tlic  suppress  ion  of  the  fission  fungi. 
Mliirli  are  iufroduccd  into  tlie  mash 
partly  tlirongli  tlie  malt,  partly  liy 
iticau.s  ol"  tlie  air.  The  mash  is,  tbere- 
Inre.  wurked  as  <lescribed  above,  with 
a  final  sterilizing  temperature  of  about 
Jflii    F.  fur  fifteen  minutes,  after  l)einj! 

carried  at  the  lower  temperature  for 

""^^  .        aliout  an  hour. 

Ntii  Sti\m  .\iAsii-  With  esiKi-ially  good  raw  materials 

isii  Oah.  the  high  tinal  temperature  may  be  neg- 

lected. Willi  thiubtful  materials  it  is 
necessary,  and  under  no  circumstanri's  injurious ;  it  should 
always  he  employed  if  a  large  iinantity  of  malt  is  used. 
This  was  formerly  the  case  with  the  green  malt  yeast 
which  was  produced  from  malt  and  water  merely.  In 
the  yeast  mashes  customaiy  to-day.  the  mashing  process 
is  carried  out  as  follows:     "With  mashes  rich  in  sugar. 


-J4II 

......liiii:.  I'urth 

t:i:^i-  :iii<l  niiirt 
ri'i;iil;iluiiis  tl 
Kt  -I  siiiiillf 
■itniitci  liv  IK- 
ill  iIk-  ImiUlim 


1.— Tbc  Preparation  ol  Veast  trom  Qreen  Malt. 

TliO  t'lvsli  jrivoii  iiiiilt  ill  a  finely  rrushed  condition  ia 
Iiljii'i'tl  iliivt'tly  ill  the  tVniienting  vat.  about  4' ^  ])ounds 
ol'  llri'  uKill  Iieiiij:  used  for  wu'h  L'u  jiit'lons  of  vat  capacity. 
WaliT  at  I.")!'  F.  is  added  in  the  iirojioilion  of  ahout 
two  lliinls  of  a  «|UJirt  for  eaeli  4'  -  pounds  of  malt,  and  the 
mass  is  eiierjietieally  worked  to  a  unifonn  paste,  wliieh.  at 
llist  ihiok.  soon  hceonu's  more  thinly  tiind  (hiring  the 
j^peraliou.    llalf  the  quantity  of  water  pre\-iou8ly  added 
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it)  full  iK'tivity  it  is  added  to  the  sweet  mash^  and  the  whole 
in  tlu'ii  (■•Kilcd  to  about  125°  F.  Soaring,  which  is  coin- 
pk-tfd  ill  II  short  time,  is  iiow  immediately  induced. 

2.  'PraiMntioii  of  Veut  Wltb  Klla-Dri«d  Mdt. 

Ill  preparing  yeaat  with  kiln-dried  malt  more  water  is 
icipiittHi  titan  in  the  working  with  green  malt,  though 
otiii'iwisc  the  pnnt'sses  are  similar.  Three  and  three- 
tfiitlis  to  4.4  ]ioiinds  of  ttie  dried  malt,  with  3  quarts  of 
water  at   151"  F.,  are  used  for  each  25  gallons  of  vat 

3. -Preparation  •>!  Veut  With  the  Avoidance  of  Dewl  PerMt. 

AfeoriiiiiH;  to  IVlbiiick,  the  iuten^als  during  which  for- 
eijfii  oinaiiisiiis  develop  most  daiigerausly,  are  two  in 
iiiiiuIh'i-.  'I'liey  are  the  one  l»etween  the  completion  of  the 
stmiiiifj  mill  tile  pitching  with  the  mother  yeast,  and  tliat 
lietweon  the  time  when  the  mother  yeast  is  taken  oflf  iu  tlie 
(iiDiniiig  and  the  pitching  with  niotlier  yeast  in  the  eve- 
ning. Km-h  (if  the  inten'als  is  of  about  nine  or  ten  hour? 
<hinition.  To  avoid  tlieso  dead  periods,  J.  E.  Brauer  pro- 
posed this  method:  First,  sour  yeast  material  with  a  small 
iuhlition  of  calcium  bisulphide  is  introduced  early  in 
the  mashing.  Secondly,  cooling  is  commenced  at  12'2'  F. 
ami  is  carried  iiipidly  over  the  dangerous  temiJcratnres. 
The  ycaj't  is  added  during  the  cooling,  at  about  88°  F.. 
iiiid  is  developed  with  rapidity  while  the  oi)eration  is  con- 
timieil  to  54.5'  F.  Any  injurious  fungi  which  may  have 
aeciilentallv  entered  the  material  are  thus  effectually  snp- 
lu'csscd  hv  tile  hiw  tciniierature  as  well  as  by  the  strongly- 
d.^velnpcci  yeast. 

A.    Prepermtlon  of  Emer^ncy  Veaat. 

It  often  liapiions  in  llie  di.stillery  that  the  yeaat  mash, 
for  ?unie  reason  oi'  other,  becomes  spoiled,  and  if  other 
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yeasts  were  not  obtainable  the  operation  would  have  to  be 
interrupted.  Under  sucli  circumstances  resource  cau  be 
had  to  beer  yeast,  compressed  yeast,  or  preferably,  pure 
culture  yeast.  The  sweet  mash,  to  whicli  the  yeast  has 
been  added  in  the  proportion  of  2.2  to  3.3  pounds  of  yeast 
for  each  25  gallons  of  mashing  capacity,  is  allowed  to 
ferment  at  a  temperature  of  84°  to  88°  F.,  for  two  or  three 
hours,  before  setting  the  large  vat,  and  is  then  added  to  the 
chief  mash.  Souring  can  be  effected  by  the  addition  of 
sulphuric  or  hydrochloric  acid,  but  it  is  preferable  to  add 
a  quantity  of  sour  yeast  material  to  the  sweet  mash.    . 

5 The  Preparation  ot  Hop  Yeast. 

Hop  yeast  is  prepared  mainly  in  the  United  States.  It 
is  produced  by  the  growth  of  wild  yeast  cells  originating 
in  the  air,  and,  notwithstanding  tlie  views  of  scientists 
that  it  is  possible  to  obtain  pure  and  satisfactory  fermen- 
tation from  cultivated  races  of  yeast  only,  surprisingly 
good  results  are  obtained  with  the  assistance  of  concen- 
trated hop  extract  When  examined  under  the  niicio- 
scope,  yeast  produced  by  this  method  ajipears  to  bu  pure 
and  strongly  developed.  The  hop  extract  kills  the  Ijacteria 
so  that  sweet  yeast  material,  instead  of  sour,  can  be  used. 
According  to  Sctirolie  tlie  yeast  is  ineimrcd  in  tlie  follow- 
ing manner:  The  extract  i.s  olitaine<l  by  long-omtinued 
boiling  with  steam,  the  hops  Ijcing  <'ookcd  with  a  deter- 
mined (]uantity  of  water.  Oiif  pound  of  hops  is  used  for 
each  bushel  of  malt,  and  witli  the  assistance  of  the  ho]) 
extract,  a  malt  extract  of  15'  to  IH^  saccharometcr  is  ol(- 
lained.  Roughly  cnislK'd  malt  of  the  best  <|uallty  only 
should  be  used.  The  extnict,  })rotVrably  at  a  temiicratun' 
between  1.67°  and  2IMV'  F.,  is  adde<l  to  the  malt,  and  after 
standing  from  one  to  thnt'  hours,  it  is  again  drawn  otT 
through  the  bottom  of  the  vat.  After  cooling  to  (i(i'  F. 
the  extract  is  allowed  to  stand,  care  being  e.vercise<l  that 
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the  temperature  does  not  fall  materially  below  this  point 
lu  a  few  days  the  yeast  is  soured  by  wild  yeast  cells  in- 
troduced from  the  air.  It  is  then  fermented  for  a  period 
of  from  twelve  to  eighloen  hours  and  is  poured  into  a  stout 
copper  vessel  with  a  tinned  lining,  provided  with  an  air- 
light  lid  aud  a  small  cock.  The  yeast  in  the  vessel  when 
stored  on  ice  will  keep  for  weeks  and  sometimes  even 
mouths.  The  vessels  sliould  be  filled  about  nine-tenths 
full;  they  are  easily  emptied  by  reason  of  the  pressure 
of  the  carbonic  acid  developed  therein.  The  yeast  is  then 
ready  for  use  cither  for  pitching  yeast  material,  or  for 
strengthening  the  mother  yeast. 

6.— Portenhelnier's  Mash  Veost. 

In  this  process  sweet  mash  is  forced  through  a  per- 
forated plato  or  sieve  aud  cooled  to  129°  F.  It  is  allowed 
to  stand  at  12li°  F.  with  repeated  stirring,  until  its  acidity 
is  about  1.5°.  About  thirty  hours  after  the  beginning  of 
the  mashing  operation,  the  material  is  rapidly  cooled  to 
77'  v.,  the  souring  meanwhile  having  progressed  to  about 
'2°.  Previously,  about  a  tenth  of  the  material  is  removed 
for  later  use.  About  1  gallon  of  mother  yeast  is  added  to 
every  ")  gallons  of  the  mash,  at  77°  F,,  and  the  mixture  is 
then  allowed  to  ferment.    No  malt  is  used  in  this  method. 

II. -SOURINO  THE  VEAST  MASH. 

After  the  maslied  yeast  nudorial  has  stood  at  the  mash- 
ing temperature  for  about  two  hours  for  tlie  purpose 
of  saccharizalion,  vigorous  lactic  acid  fermentation  is  al- 
lowed to  set  in  as  protection  against  inimical  organisms  in 
the  itiasli.  The  lactic  acid  is  neccssaiy  bwause  scbizomy- 
cotes  are  incapable  ol  develoiiment  in  strongly  acidulated 
fluids.  Furthermore,  lactic  acid  possesses  a  peptonizing 
action  u}»on  albuminous  substiiuces.  The  latter,  through 
this  action,  become  available  for  the  yeast 
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111'  rctaniwl  liy  flte  luetic  acid.  The  sour  yeast  luasb  whicb 
is  iiililcd  to  tlic  s^wvi't  iiiusit  kIiouM,  according  to  Kopplin, 
liivi'i-  lit'  alliiwcd  to  cool  to  a  low  temperature.  If  it  cannot 
at  <<iii-c  In-  used  tor  souriug  it  must  be  placed  in  a  vessel 
iij  warm  water  iiiul  itiaiiitaiiied  at  a  temperature  of  about 
l.!I  h'.  A  ctiiiiiiarativeiy  smaller  (luaiitity  of  a  yeast 
iriii>li  III'  tliis  kiiiil  should  be  used,  as  tbe  dauger  of  injuring 
llic  <lias1asc  tiirougli  the  hwtic  acid  is  then  less  imiuinent. 

I'oi-  till'  pmdiiction  of  as  pure  as  possible  an  acid  tbe 
Slim  ill":  iriiist  proceed  at  those  tem^jeratures  which  are 
most  tavornhlt'  tu  the  development  of  useful  lactic  acid 
liji'leiia.  It  iiits  lit'cii  shown  that  the  best  temperatures 
I'lic  lliis  iniipiise  lie  between  V2T  and  131°  F.  In  distil- 
leries nsiiifr  einieeiitnite<l  mn:i>lies,  the  souring  period  is 
usually  twenty  tii  twenty-four  houre.  To  maintain  tbe 
pievrinisly  irieiitiiined  .siiuiing  temperature  during  the  en- 
tire [letiuil.  it  is  iieeessaiy  to  provide  a  wanning  cham- 
lar  fill-  the  iiiaTUiraelini.'  of  the  yeast.  This  should  he  large 
(ttiiiiKh  to  fdiitaiii  fiiily  the  iieecssary  uumlier  of  souriug 
Vessels,  ami  if  must  be  provided  with  heating  apparatus 
wheiewith  it  eaii  he  wanned  to  tlie  desired  temperature, 
with  the  coiisiiiiiptiDii  iif  little  steam.  Sometimes  the  sour- 
ing tempeiatiiie  is  regulated  hy  repeated  heating  with  the 
steam  mashing  oar.  The  yeast  ehaml)er  should  be  kept 
unifiirmly  warm,  and  the  sides  of  the  yeast  vessels  should 
be  eouted  witli  ocnieentrated  miisli ;  at  the  same  time  the 
latter  should  be  covered  with  wooden  lids  u))on  which  are 
lihK-ed  bags  or  straw  matting.  Preferably,  the  vessels 
should  be  so  formed  that  tlie  C(«'ers  are  dej  tressed  and  air- 
tight, so  tiiuf  hot  water  can  Iw  jinnred  into  them, 

Ex)»eiimenfs  have  shown  that  laetie  acid  it-self  renders 
the  acid  ferment  weak  and  ineffective.  Thus,  it  has  long 
been  known  in  jiractice  that  little  acid  is  formed  during 
I'ernientation  if  the  yeast  mash  is  very  sour.  From  this 
it  is  evident  that  strong  souriug  is  of  great  advantage 
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of  the  acid  was  always  proposed  with  a  view  to  avoiding- 
the  neeessitj'  of  lactic  acid  fennentation  and,  with  the  hope 
of  thereby  simplifying  the  method  of  operation  by  short- 
ening the  period  of  yeast  preparation,  usually  forty-eight 
hours,  to  twentj'-four  hours.  The  following  methods  are 
of  importance  in  this  connection. 

1.  Fluoric  acid  j/en.s'/.  The  valuable  eliaracteristics 
which  fluoric  acid  possesses  as  a  bacteria  poison  for  dis- 
tilling mashes,  were  first  recognized  and  more  closely  in- 
vestigated by  Effront.  He  showed  that  a  yeast  which 
was  gradually  accustomed  during  a  long  period  to  in- 
creasing quantities  of  fluoric  acid  could  be  developed  in 
such  a  manner  that  it  was  capable  of  withstanding  fluoric 
acid  in  quantities  which  were  uot  only  poisonous  for  the 
bacteria,  but  which  would  otherwise  have  been  inimical 
to  the  yeast  itself  as  well.  Yeast  accustomed  in  tliis  man- 
ner to  fluoric  acid  was  found  able  to  withstand  quantities 
of  tlie  acid  far  greater  than  any  of  tlie  bacteria  detrimental 
to  fennentation.  With  the  proper  use  of  this  metliod,  and 
with  the  maintenance  of  certain  determined  conditions, 
which  the  inventor  has  made  public  in  a  process  patent, 
fluoric  acid  can  be  used  with  success  in  the  distillery, 
Cluss  has  investigated  the  fluorides,  especially  fluoride  of 
aluminium,  as  substitutes  for  fluoric  acid,  and  has  used 
them  with  success  in  maslies.  The  fluorides  were  used  in 
quantities  of  y^  to  1  ounce  for  each  25  gallons  of  mash. 
It  would  appear  that  the  use  of  the  salts  is  preferable  to 
that  of  the  acid  directly. 

2.  Technical  lactic  acid.  The  flrst  attempts  to  use 
technical  lactic  acid  were  carried  out  in  yeast  factories  by 
Dr.  Wehmer,  while  Dr.  H.  Lange  first  investigated  the 
same  substance  with  regard  to  its  utilization  in  potato  dis- 
tilleries. 

Tlie  result  of  the  latter's  investigation  showed  that 
this  acid  could  be  used  profitably  in  place  of  the  lactic 
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wlietlier  or  uot  the  attaiuable  advantages  more  than  bal- 
ance tlie  increased  tost  due  to  the  addition  of  the  lactic 
acid.  It  is  certain  that  greater  ex|)ense  is  incurred,  due  to 
the  high  price  of  the  acid,  which  obtains  to-day.  It  is 
hardly  to  be  expected  that  the  new  method  will  be  in- 
troduced generally  into  properly  ordered  distilleries,  but 
it  douhtloss  will  be  found  of  use  in  case  of  interruptions 
in  tlie  oi)erations.  or  if  apparatus  for  the  usual  fungus 
souring  are  not  available.  It  must  be  understood  that 
technical  lactic  acid  cannot  he  used  without  fully  uudor- 
stumling  the  process.  Thorough  attention  must  be  given 
to  the  i|nantity  of  acid  to  I)c  a<hled,  as  well  as  to  the  method 
of  cnndiicting  flie  fenneulation,  tlie  temperatures  to  be 
maintained,  and  other  necessary  phases  <»f  the  working. 

'.i.  The  piocfst!  of  iiioduciiii/  ariificUil  yvast  ivifh  the 
Old  of  Idciif  acid  and  volntilv-  fully  acids,  and  nithout 
fuiif/iuf  fmnvuiaiioH.  During  the  course  of  the  exi>eri- 
ments  which  Delbriick  undertook  with  a  view  to  using 
lactic  acid  as  a  substitute  for  the  fungus  fennentation,  it 
was  noticed  that  the  minute  i|uautities  of  butyric  acid 
which  occurred  in  the  impure  lactic  acid  of  commerce  did 
not  possess  an  inimical  action  willi  regard  to  the  yeast. 
For  tliis  reason  II.  Lange  stndieil  a  number  of  artificial 
yeasts  for  a  considerable  jieriod,  gradually  augmenting 
their  acidity  by  the  addition  of  iniTcasing  quantities  of 
butyric  acid.  It  was  iiossihle  to  liring  the  butyric  acid 
content  to  a  point  such  that  its  dcsfiuctive  action  with  re- 
gard to  tiic  scliizomycctes  was  iar  stronger  than  that  upon 
the  efficacy  of  the  yeast.  Yiasts  carried  under  tlie  protec- 
tion of  this  acid  reinained  ]iure  for  a  nmch  longer  jieriod 
than  when  jirovided  with  pure  lactic  acid.  However,  the 
process,  which  in  the  interests  of  the  Association  of 
Spirit  Manufacturers  ()f  Oerniaiiy  is  protected  by  jmtents, 
iuw  80  far  found  no  jiractical  utilization. 

4.     The  proposed  use  of  mineral  acids  as  substitittcs  for 
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desired  point,  that  is,  when  the  yeast  mash  has  attained  a 
degree  of  aeidity  of  at  least  2,  ix>8sibly  2.5  to  3  cubic 
t-entimeters  of  acid  (detennined  by  a  corresponding  quan- 
tity of  standard  solution),  the  mash  is  warmed  by  means 
of  tlie  steam  mashing  oar  to  a  temperature  of  167°  to  1715' 
F.  in  order  to  destroy  thereby  tlie  lactic  acid  and  other 
bacteria.  This  raising  of  the  temjwrature  is,  according 
to  tlie  i)resent  standpoint  of  our  knowledge,  of  great  util- 
ity, and  should  be  carried  out  regularly  in  every  distil- 
lery. The  lactic  acid  bacteria  which  are  suppressed  there- 
by, have  aecomplislicd  their  purpose  and  should  be  pre- 
cluded from  the  further  o|>erations. 

The  n]>plii'ation  of  this  degree  of  heat  to  the  yeast  mash 
hjui  not  found  favor  with  all  ])ractical  distillers,  as  fur- 
ther acid  formation  is  thereby  suppressed.  The  heat- 
ing to  JJJ7°  to  176°  F,  to  destroy  the  lactic  acid  fungi  is 
thus  justified  only  when  a  vigorous  souring  has  already 
been  effected.  Should  this  not  be  tlie  case,  the  warming  of 
the  mash  may  have  directly  injuriousi  results.  Therefore, 
it  should  always  be  determined  by  ascertaining  the  acidity 
of  the  mash  whetlier  or  not  the  required  souring  has  been 
}>roduced.  Should  fliis  souring  not  have  progressed  far 
enougli  the  mash  should  not  be  raised  to  the  high  tem^wra- 
ture  mentioned,  in  order  to  provide  an  opiM>rtunity  for  the 
protluction  of  the  requisite  acidity  through  a  possible  after- 
action of  the  lactic  acid  bacteria.  Under  certain  cireuin- 
staiices  this  hope  may  not  be  fulfilled.  In  general,  weak 
lactic  acid  formation  in  the  mash  should  not  occur.  If  tlie 
quantity  of  lactic  acid  formed  is  not  satisfactor>-,  it  is 
either  due  to  the  fact  that  the  souring  temperature  was 
maintained  at  too  high  a  point  or  that  unsuitable  lactic 
acid  races  were  present.  In  the  latter  case,  tliere  should 
I>c  no  hesitation  in  procuring  new,  pure  lactic  acid  cul- 
tures. The  mother  acid  for  souring  the  yeast  mash  on 
hand  should  be  removed  before  warming  the  mash. 
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in  a  horizontal  position  by  means  of  a  spring  M.  When 
the  upper  cup  is  filled  the  weight  of  the  water  rotates 
the  shaft  upon  which  it  is  mounted,  and  the  water  is 
emptied  out  into  the  encasing  tub,  hung  by  means  of  rods 
ai)on  tlie  lever  H  which  is  secured  to  the  cooling  coil, 
the  latter  beiug  raised  thereby.  As  soon  as  the  water  has 
escaped  from  the  casing  the  cooling  coil  returns  to  its 
depressed  position,  and  thus  the  action  continues  regu- 
larly as  the  cups  are  alternately  filled  and  emptied. 

VI.— THE  ADDITION  OF  THE  MOTHER  YEAST  TO  THE  YEA5T 
MASH. 

The  mother  yeast  is  added  during  the  cooling  of  the 
yeast  mash.  It  takes  place  when  the  cooling  has  pro- 
gressed to  a]>i)roximately  86°  F.  Under  the  term  mother 
yeast  is  understood  the  portion  of  the  yeast  which  was 
withdiawii  trotii  the  previous  yeast  preparation,  when  it 
had  attained  a  condition  of  '*rii»cne8s."  It  is  advisable 
so  to  regidate  the  individual  o])eratioiis  of  yeast  prejMira- 
tion,  that  the  yeast  masli  to  be  set  is  at  tlie  proper  point 
for  the  addition  of  the  motlier  yeast  when  tlie  yeast, 
which  is  undergoing  fermentation,  has  reached  that  point 
of  ri])cneas  best  suited  to  the  removal  of  the  mother  yeast. 
By  this  nietliod  tlie  standing  of  the  yeast  mash  for  a 
longer  period  is  avoided;  this  should  always  be  accom- 
jdislied,  if  ])ossible,  to  prevent  the  occurrence  of  "dead 
periods,"  wliicli  are  liable  to  cause  considerable  injury. 
Furthermore,  in  the  yeast  processes  care  should  be  taken 
that  each  individual  operation  is  followed  directly  by 
the  succeeding  operation,  and  that  no  ]>eriods  of  rest 
iiitoiTene,  as  these  are  favorable  to  the  infection  of  the 
yeast.  It  may  be  said,  then,  that  under  no  circumstances 
sliould  a  i)eriod  of  rest  of  longer  duration  be  permitted 
Iwtween  the  endiug  of  one  operation  and  the  beginning 
of  tJje  next    According   to   the   old    methods   of    yeast 
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culture,  should  be  jdovided,  and  no  time  should  be  wasted 
in  attempting  artificial  bettennents. 

The  motlier  yeast  is  introduced  into  the  yeast  mash  at 
a  teniiJcrature  such  that  its  reproduction  can  begin  at 
once — that  is,  at  about  S(>°  F.  The  mash  should  then 
ininUHliately  be  cooled  to  the  best  temiierature  under  the 
local  conditions  obtaining;  this  temperature  depends  es- 
pc<'ially  upon  the  degree  of  concentration  of  the  yeast 
niasli,  the  tenii)erature  of  tlie  fenneuting  room,  and 
the  size  of  the  yeast  vessels.  There  should  be  no  delay 
in  the  progress  of  the  cooling,  for  at  80°  F.  the  conditions 
are  extremely  favorable  to  the  development  of  injurious 
.•^i-hizduivcctes. 


After  the  introduction  of  the  mother  yeast,  the  spore- 
fonning  a<'tivity  and  the  fermentative  action  of  the  yeast 
begin.  Strangely  enough,  it  is  not  advisable  to  provide 
t'onditions  fiivoralile  to  the  develojmient  of  tliese  func- 
tions; instead,  such  climatic  conditions  are  imitated  that 
-  the  suppression  of  inimical  fungi  is  elTected  in  accord- 
ance with  (he  principles  of  the  "natural  pure  culture," 
which  were  advanced  by  Delbruck  in  1895.  Suitable 
means  for  overcoming  injurious  schizoniycetes  are  found 
in  vigorous  souring  and  in  the  alcohol  produced  by 
thorough  fenuentation  by  the  yeast  itself.  It  was  formerly 
an  open  tjuestion  whether  or  not  the  yeast  mash  should 
bo  allowed  to  ferment  strongly  or  weakly;  but  it  has 
to-day  been  decided  that  in  order  to  keep  the  yeast  pure, 
it  is  absolutely  necessary  to  ferment  the  mash  strongly, 
that  the  greatest  possible  quantity  of  alcohol  may  be  pro- 
duced therein,  as  we  know  that  the  alcohol  is  inimical  to 
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Alwut  one  or  two  hours  before  the  state  of  complete 
ripoiu'ss  is  rciifht-d,  tlie  mother  yeast  is  removed  from 
till'  yi-ast  iiiasli,  aud  is  introduced  into  a  copper  vessel.  As 
tlie  ciizyniotii.'  comlition  is  constantly  undergoing  changes, 
tilt;  vcssi'l  is  jilact'd  iu  water  as  cold  as  can  be  obtained,  in 
order  by  an  eilWtive  cooling  to  favor  as  far  as  i>ossible 
IIk'  (k'veiopnieut  of  the  fernieatation -exciting  enzyme, 
zyiimse.  A  niofher  yeast  of  approved  quality  can  often 
be  kept  from  one  year  to  another  if  enclosed  in  uietal 
vcssclis,  and  ke})t  on  ice  and  i)roi)erly  disinfected.  Such 
niotliei-  yeast  is  used  from  year  to  year  at  the  com- 
irienceiiH'iit  of  eacli  season.  A  yeast  of  this  character, 
witli  ratiimal  development  and  normal  preparation, 
uHiially  rt'tiiins  a  iniiforiii  efficacy.  Lately,  however,  the 
ojiiiiion  lia,s  l)eeii  f^aining  ground,  that  it  is  of  greater 
advantage  not  to  .stoic  up  the  mother  yeast  for  longer 
periods,  but  instead  to  conduct  the  yeast  preparation  in 
sueli  a  nianner  that,  at  the  time  when  the  yeast  has  fully 
ripened  in  a  yeast  inasli,  the  next  yeast  mash  is  exactly 
at  tliat  point  where  it  can  be  set  with  yeast  from  the 
ripened  mash,  hi  this  manner  are  best  avoided  the  dan- 
geiK  wliicli  are  connected  with  the  jireservation  of  the 
ni()|]i<'r  yeast.  The  (]nantity  of  tlie  mother  yeast  used  is 
generally  aliont  1  ')  to  l/(i  of  the  total  yeast  mash.  UiJon 
the  <]uanlity  of  the  mntlior  yeast  dcjiends  the  number  of 
th<'  newly  formed  <'el!s,  as  well  as  the  character  of  the 
yeast  to  Ik^  develoiied.  .V  small  quantify  of  mother  yeast 
IMdduccs  young  yeast,  wliile  a  large  quantity  tends  to 
accelerate  the  aging  of  the  cells:  in  the  first  ease,  a 
luxurious  yeast,  and  in  the  latter,  a  robust  yeast  are 
obtained.  If.  however,  it  is  the  inl.'ution  of  the  distiller 
to  jiresei'\'e  the  mother  yeast,  the  operation  should  be 
carried  out  in  special  vessels  of  tinned  sheet  iron,  pro- 
vided with  well   fitting  lids  and   i)laced   in  cold  water 
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able,  and  also  if  the  distiller;'  is  provided  with  cool  heds^ 
the  [litchiiig  of>eratioii  is  a  siinjile  one.  Only  where  tbe^ 
tiroccss  is  carried  out  with  special  cooliog  apparatus,  can 
the  yeast  be  added  directly  to  the  fully  cooled  mash  in 
the  feniieiiting  vat.  and  this  mode  of  working  is  con- 
sidered less  advantageous  than  the  other.  It  was  for- 
meily  i-».stoinary  to  freshen  or  revive  the  yeast  with  sweet 
inasli  hefore  it  was  introduced  into  the  chief  mash,  in 
order  to  induce  furtlier  growth  of  the  yeast  through  the 
ndfiitiim  of  new  anhstanees  ca])able  of  fermentation,  thus 
otitainins  a  more  vigorous  fermentation.  The  further 
growth  of  tlic  yeast  is  due  to  tlie  dilution  effected  by  the 
s\v<>i't  tnash.  To-day,  as  the  yeast  is  kej)t  in  lively  fer- 
nientntion  until  the  end,  and  as  further  pro(iagation  is 
iiii|uissibl('  Ix'caiise  of  the  high  alcohol  content,  the  pitch- 
inir  of  the  yeast  with  sweet  masli  must  be  regarded  as 
unncccssaiy  anil  suiicrfluous.  As  the  yeast  is  protected 
frnt'i  iiilVction  by  a  high  degree  of  acidity  in  the  yeast 
mash  the  fre-'^liening  may  i-cally  be  regarded  as  a  dan- 
g<'i{)iis  operation,  as  it  dilutes  the  acid  in  the  mash. 
X.- SPECIAL  DIRECTIONS  FOR  VEAST  PREPARATION. 

Tlie  ]irepara1ion  of  yeast  from  pure  green  malt  has 
been  abandoned,  for  a  material  of  sufficient  concentra- 
tion cannot  be  pro)iared  with  it.  NVitlier  is  the  employ- 
ment of  spent  wash  yeast  to  be  rcconm tended,  according 
to  the  methods  in  use  at  presfut  in  the  distillation 
Industry.  Hut  under  certain  conditions  it  may  be  advis- 
able to  add  a  stnall  i[uaiitity  tit"  s]ient  wash  in  i)Iace  of 
nui^hing  water,  foi'  the  purpose  of  increasing  the  sourness 
or  acidity  of  the  yeast  matuiial.  In  the  preparation  of 
the  yeast,  dead  periods,  that  is,  Intervals  during  which 
infection  by  inlniieal  organisms  can  occur,  should  be 
avoided.  This  is  of  special  importance  with  the  modern 
use  of  pure  yeast  cultures,  for  during  intervals  in  the 
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perature  sliouiu  ut;  auuui  it*  iv  xtfi  r  .  j.ue  yeast  masu 
is  allowed  to  stand  at  this  temperature  for  about  two 
hours,  and  is  then  cooled  to  126°  to  129°  F.,  at  which 
twuperature  tlie  acid  formation  takes  place.  After  the 
coiniJletion  of  the  souring  and  the  removal  of  the  mother 
acid,  the  niaslt  is  again  wanued,  and  is  allowed  to  stand 
for  about  half  an  hour  at  167°  F.  After  this  it  is  cooled 
to  the  pitching  temiierature,  and  is  set  with  mother  yeast. 
The  i)itcliing  should  not  be  carried  out  before  the  yeast 
mitsh  lia.s  been  properly  cooled  to  the  necessary  pitching 
tci  11  perature.  Tn  about  twenty  hours  the  temperature  will 
have  risen  to  S(i°  F.,  and  the  sugar  will  have  been  fer- 
nieiited  to  about  5^  by  sa<-charometer.  After  this  the 
mother  yeast  can  be  removed.  The  yeast  is  added  to  the 
mash  in  the  prejjai-aton.-  mash  vat  at  8(j°  F.,  without  being 
previously  set  with  sweet  mash, 

XI THE  INVESTIQATION  OF  THE  VEAST. 

The  following  dctenniuations  must  be  made  with  re- 
gard to  the  character  of  the  yeast: 

1.  The  DrteniiiiKititjii  of  tin-  De^iTe  of  the  Fcimoi- 
iatiiiti. — This  is  carried  out  in  the  usual  manner  with  the 
aid  of  the  anocharomeler  and  a  yeast  filtrate.  The 
saccharometer  reading  obtained  from  the  filtrate  of  the 
sour  yeast  mash  is  compared  with  that  obtained  from  riiw 
yeast.  As  has  Iwen  stated  above,  yeast  in  a  condition  of 
rijteness  should  be  fermented  to  4"  to  ')"  Balling, 

2.  7'hfi  DetfimtHafion  of  the  AcidHii. ^i^'ince  we  have 
leained  that  pure  lactic  acid  fennentation,  accompanied 
l)y  the  accumnlation  of  acid,  is  the  most  imiiortant  phase 
in  the  jirepanition  of  the  yeast  as  regards  the  protection 
of  the  yeast  mash  against  infection,  the  determination  of 
the  acidity  of  each  yeast  mash  seems  indispensable.  The 
titration  apparatus  illustrated  on  page  193,  and  supplied 
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in  this  fomi  in  Germany  by  the  Association  of  Spirit 
Manufacturers,  is  used  for  the  i)urpose. 

The  yeast  mash  to  be  investigated  is  first  filtere<l 
through  a  filter  sack,  and  20  cubic  centimeters  of  this 
filtrate  are  taken  up  with  pipette  and  allowed  to  flow  into 
the  cup  d.  Standard  soda  solution  {corresponding  to  31 
grammes  of  soda  in  the  liter)  is  drawn  from  the  burette, 
which  is  graduated  in  cubic  centimeters,  and  is  allowed 
to  mix  with  the  filtrate,  which  is  constantly  stirred,  until 
a  drop  of  the  mixture  taken  up  on  a  glass  rod  and 
allowed  to  fall  on  a  strip  of  litmus  paper  jiroduces  no 
red  discoloration,  but  just  I>egins  to  tinge  the  paper  blue. 
The  quantity  of  soda  solution  in  cubic  centhnoters  corre- 
sponds to  the  acidity  in  degrees.  As  mentioned  before 
the  yeast  mash  should  possess  a  final  aciditj'  of  2.5°  to  8". 
The  acidity  of  the  sour  yeast  mash,  as  well  as  that  of 
the  ripe  yeast,  should  he  determined,  and  tiie  two  results 
should  correspond  approximately;  the  acidity  of  the  rijie 
yeast  should  at  the  most,  be  0.1°  to  O.^'  higher  than  that 
of  the  other.  This  increase  in  aciditj'  may  also  occur  in 
pure  yeast;  if  the  increase  is  greater  it  is  an  indication 
of  the  presence  of  scliizomycetes,  and  new  pitching  yeast 
should  at  once  be  provided. 


PART  X. 

FERMENTATION  IN  PRACnCE. 
I.- THE  VARIOUS  FERMENTINQ  PERIODS. 

THE  feniientatiou  induced  in  a  masli  by  the  yeas  '^ 
inns  its  i.'ourse  in  tJirec  iihases,  characterized  as 
J're-fennenfation,  chief  fennentation,  and  after^^ 
I'ennentation. 

1 .— Pre-FermentaUon, 

Pre-fcniientation  is  the  period  of  yeast  propagation^ 
dmiiin  tliis  period  siigiii"  decomposition  and  carbonic  acid 
development  take  place.  The  jeast  in  the  mash  must 
propagate  veiy  freely,  as  otherwise  it  cannot  decompose 
iill  the  suf!:!ir  available.  According  to  Hayduck,  tlie  yeast 
increases  in  (lie  yeast  inasli  in  tlie  proportion  of  ].:4.5, 
while  in  the  chief  itiasli  the  increase  is  in  the  proportion 
(if  1 :  i'3.  I'tie  mo.st  energetic  yeast  reproduction  takes 
place  at  77'  to  Sfl'  F.,  and  it  wonhl  apj»ear  that  a  tem- 
perature approximating  this  should  be  maintained  during 
jive  rentientation.  This,  liowever,  would  be  a  mistake; 
for  at  such  temperatuies  tlif-  coiidllions  are  favorable  to 
the  develoiimeut  of  I'linjj;!  iniiriical  to  fermentation,  and 
before  the  yeast  could  begin  tt)  devehip  strongly,  with 
tlie  setting  in  of  active  fcrmenlation.  sucIl  growths  would 
ai'ise  and,  in  conse<|uence,  would  injure  the  yield  of  the 
tVnnentation.  Vov  this  reason  it  is  necessary  to  maintain 
a  lower  lemperiilure,  though  temperatures  as  low  as  they 
were  formerly  used  for  |iitching,  alxint  59°  F.,  are  not 
udvLsable,  as  tlie  yeast  propagation  under  these  conditions 
is  extremely  slow.  Furthermore,  with  the  concentrated 
mashes  customary  to-day,  the  jirinciples  fonnerly  in 
vogue  are  no  longer  applicable.   Tliese  included:  pitching 
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^t  low  temperature  and  slow  pre-fermentatioii,  gradual 
tiausitioD  to  the  chief  fermentation  period,   and   warm 
^fter-fennentation.  This  method  of  operation  is  no  longer 
I'egarded  with  favor  because  the  yeast  is  unable  to  accom- 
j)lish  the  necessarj'-  work  with  concentrated  mashes  in  the 
sBame  time  as  with  attenuated  mashes,  and  for  this  reason 
low   pitching  temi)eratures  are  no  longer  chosen.     The 
only  possible  manner  of  completely  fermenting  the  sugar 
in   concentrated  mashes  is  by  shortening  the  processes, 
hastening    the    chief    fermentation,    and    increasing    the 
length  of  the  after-fennentation.     Thus,  it  is  necessary 
to  choose  a  higher  temperature,  and,  in  juactice,  the  usual 
pitching  temperatures   for  concentrated   mashes    lie   be- 
tween 63"  and  70''  F.     At  higher  pitching  temi)erature, 
naturally,  the  mash  begins  to  heat  more  cpiickly,  an<l  to 
evidence   stronger   activity,    so   that   the   api)lication    of 
movable  vat  cooling  becomes  necessai'y.    [n  certain  special 
processes,  the  setting  in  of  the  chief  fenacnting  ])ei*iod 
is  hastened;  this  is  done  by  heating  the  mash,  ix^rmitting 
warm  water  to  flow  through  the  movable  cooling  coil  of 
the  vat  cooling  apparatus.    Tlu^  process  <levis(Ml  by  TIcss(» 
is  of  this  character.     As  the  increase  of  the  voast  is  most 
energetic  at  8(r  F.,  it  would  ai)pcar  advisable  to  add  tlie 
yeast  to  the  mash  at  this  tcMiiporaturc,  as  under  the  cir- 
cumstances   favorable   to   the   yeast   develojunent,   which 
occur  during  the  cooling  of  tlu^  mash,  tlie  spore-forming 
activitv  of  the  veast  can  begin  at  an  earlv  jmint  in  the 
operation.     The  formation  oi*  yeast,  according  to   1  lay- 
duck's  investigations,  is  impeded  or  completely  arrested 
with  a  5  i^er  cent  ^'ontent  of  alcohol. 

2.— The  Chief  Fermentation. 

The  chief  fermentation  is  accompanied  by  an  ener- 
getic develojunent  of  carbonic  acid  gas  and  heat,  and 
constitutes  tlie  ])eriod  during  which  the  maltose  is  fer- 
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iiK'iited,  tlie  content  of  sugar  in  the  inasli  decreasing 
constantly.  This  can  be  accurately  observed  by  means  of 
tlie  sacfliarometer,  the  temperature  l)eing  noted  at  tbe 
same  time.  The  most  favorable  degree  of  heat  for  tlie 
process  of  chief  fennentatiou  approximates  81.5°  to  86° 
F.  To  maintain  tlie  temperature  below  this  limit  is  im- 
}jossible  without  artificial  means.  As  the  increase  in 
heat  in  '2'2°  to  -+°  concentrated  mashes,  approximates  as 
a  mininmm  (>5°  F.,  the  temperature  during  the  chief 
fermentation  i)eriod,  if  the  pitching  temperature  were 
fi8°  y.,  would  a])i)roach  101°  F.,  a  degree  of  waraith  at 
which  the  organisms  injurious  to  fennentatiou  would 
overcome  the  yeast;  a  part  of  the  alcohol  would  be  con- 
sumed by  acetic  acid  I'ennentafion  and,  worst  of  all,  the 
fermentative  efficacy  of  the  yeast,  which  must  remain 
unweakoned  for  the  process  of  a  fter-f or  mentation,  would 
be  seriously  diminished.  Therefore,  under  no  circum- 
stances, must  the  temjierature  be  allowed  to  rise  above 
Hli"  F.  The  former  opinion  that  injury  of  the  femien- 
tative  efficacy  of  the  yeast  did  not  begin  below  93°  F. 
has  been  disproved  by  practical  experience.  The  chief 
fennentatiou  jteriod  lasts  about  twelve  hours. 

J.— The  After  •Fermentation. 

The  purpose  of  after-fennentation  is  to  ferment  the 
dextrins,  which  through  the  atter-iictiou  of  the  diastase 
are  gradually  converted  into  maltose  during  the  pre- 
lenneiitatioii  and  the  cliief  fermentation,  or  even  duiing. 
the  progress  of  the  after- fennentatiou  itself.  The  prin- 
cipal re<iiiirement  for  an  active  after-fennentation  is, 
therefore,  the  presen-ation  of  the  .**ugar-foniiing  efficacy 
of  the  malt;  for,  otherwise,  the  dextrins.  which  are  in 
themselves  unfermenfable,  remain  unaffected.  After- 
fennentation  lacks  the  violent  character  of  the  chief  fer- 
mentation, but  nevertheless,  it  too,  is  unifonnly  accora- 


J(U  INDUSTRIAI.    ALCOHOIi 

consequent  heating  to  74°  to  77°  F.,  begins,  care  is  takec 
to  prevent  tlie  heating  of  the  mash  above  86°    F.,  by 
introducing  a  cooler  into  the  vat  and   permitting  cold 
water  to  flow  through  its  tubes.    When  the  chief  fermenta- 
tion period  is  completed,  the  current  of  water  in  the  cooler 
is  decreased,  and  tlie  cooling  is  stopped  entirely  when  the 
deshed  temi>erature  of  77°  to  81°  F,  for  the  after-fermen- 
tation is  reached.     The  appliauces  for  vat  cooling  are 
similar  in  coustructiou  to 
the  movable  yeast  coolers. 
The  various  systems  diflfer 
particularly  in  the  form  of 
tlieir  cooling  elements  and 
in  the  manner  of  actuating 
them.      Most  efficient   are 
those  which  travel  up  and 
down  in  the  mash  with  a 
stroke  approximating  tie 
height  of  the  vat,  so  that 
the  cooling  coil,  which  lits 
in  a  horizontal    plane,  at 
Fiti,  58.— P1.AS  View  op  tub         the    same    time    exerts    a 
hessb  Vat  o>.>lkb.  pmii])ing  action  tending  ta 

remove  the  carbonic  acid 
gas.  The  arrangement  of  the  tubes  of  a  cooler  of  this  fonn 
is  illustrated  in  Fig.  58.  Coolers  with  centrifugal  action, 
of  the  type  illustrated  in  Fig.  5!l,  have  also  been  found  ef- 
fective in  practice.  The  arrangement  and  method  of  oj>er- 
ation  of  this  cooling  coil  is  as  follows :  Coinciding  with  the 
vertical  center  line  of  the  vat  is  mounted  a  ]>eri)endicular 
tube,  adapted  to  act  as  a  shaft,  which  is  provided  at  its 
ui)}H'r  end  with  a  funnel  and  a  driving  jnilley.  The  upper 
bearing  is  carried  by  an  arm  secured  to  the  wall  of  the  fer- 
menting room  and  extending  over  the  vat.  .\bout  4  inches 
above  the  bottom  of  the  vat  the  tube  has  branches  extend- 
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SO  that  tlie  carbonic  acid  retained  by  the  maeh  may  escape 
as  rapidly  as  jiossible,  in  order  to  effect  a  saving  iu  the 
space  ordinarily   requisite  above  the  mash.     With  the 
assistance  of  vigorous  agitation  it  is  possible,  also,  to 
olitain  liealtliier  yeast  and  a  greater  yield.    It  may  be 
assumed  that  with  a  vat  volume  of  1,000  gallons,  the  spa« 
above  the  mash  is  reduced  3.5  to  4.5  inches  by  means  of 
vat  cooling,  and  as  1  incli  of  this  space  corresiwnds  to 
about   10  gallons  of  mash  in  a  vat  of  the  size  men- 
tioned, it  is  possible  to  in- 
crease tlie  daily  mashing 
capacity  by  about  50  gal- 
lons when  vat  cooling  is 
employed. 

Energetic  agitation  and 
cooling  result  in  better  fer- 
mt'ntation.     The  increase, 
according    to    Saare,    ap- 
proaches 0.9°  saccharorae- 
ter  on  an  average.     Alto- 
gctlier,  it  is  thus  possible 
by  means  of  movable  vat 
cooling  to  obtain  an  alcohol 
yield  higher  by  aliout  0,6  to  0.7  per  cent  from  the  same 
vat  capacity,  and  where  the  mashing  volume  is  taxed,  as 
in  Uennany,  this  saving  is  often  a  considerable  one  in  tbe 
course  of  the  year. 

Sliould  it  be  inipossiblo,  by  reason  of  the  failure  of 
power,  to  operate  the  cooling  a]>iiaratua  during  the  night, 
when,  under  ordinary  circmnstancos.  the  cooling  is  par- 
ticularly necessary,  it  Is  advisable  to  pirii»ioy  Hesse'a 
niPlhod,  wherein  cooling  is  necessaiy  in  the  distillery  dur- 
ing the  regular  operating  period  ()nly.  The  vats  are  filled 
with  mash,  leaving  about  li.4  to  .'i.2  inches  of  space  above 
the  mash,  and  a  pitching  tem]»erature  of  51»°  to  63°  F.  is 
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bosen  80  as  to  avoid  the  necessity  of  cooling  outside  of 
■le  regular  period  of  operation.  As  the  mash  heats  very 
itlle  under  these  circumstances,  and  the  setting-in  of  tlie 
'lief  fennentatiou  would  normally  be  delayed  consider- 
Iily,  warm  water  is  introduced  througli  the  movable  cool- 
ig  coil,  on  the  second  day  at  a  time  when  operation  of 
'le  cooler  is  possible,  until  the  mash  is  healed  to  81°  to 
l)°  F.  This  heating  requires  one  to  two  hours.  Tlie 
'lief  fermentation  now  begins  with  a  strong  development 
riieat,  which  would  ordinarily  far  exceed  the  permissible 
luit  of  86°  F.,  and  so  the  mash  must  be  energetically 
)oled.  After  this  the  o])eratiou  is  concluded  in  the  usual 
anner.  This  method  proposed  by  Hesse  has  ])rov('n 
ifcessful  in  jiractice. 

On  the  whole,  the  advantages  resulting  from  movable 
•it  cooling  are  so  great  that  this  apparatus  should  lie 
mud  in  every  distillery  working  with  concenfiated 
:ashes.  Tlie  iniiial  expense  of  installatiun  will  be  uiore 
lau  comiiensated  for  by  economy  in  operation. 

IlI.-CONCENTRATED    MASHINU  AND  ITS  ADVANTAUES. 

Ill  Oennany  tlie  niasliiiig  capacity  is  subject  to  taxa- 
on,  and  there  flie  distiller  always  seeks  to  iiroduce  from 
otatoes  mashes  as  coiiceiitratcd  as  possible  in  order  to 
bfain  the  greatest  possible  alcohol  yield  from  tlic  mash- 
ig  capacity.  Besides  this,  however,  the  entire  progress 
f  the  fennentatiou  is  lietter  in  working  with  etniceutiafed 
lashes  than  when  attenuated  niiishcs  are  used,  for  the 
jsses  due  to  by-feniientatioii  and  yeast  formation  are 
report ionately  smaller.  In  order  to  i)reparo  veiy  eon- 
pntrated  mas]ie«,  con^leiisation  of  the  steam  must  be 
voided  as  far  as  possilile.  by  encasing  the  Ilenze  apjia- 
atus,  as  well  as  all  steam  pipes,  with  material  of  low 
onductivitj',  by  economical  use  of  mashing  water  in  the 
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icikI't  llic  iiiiiKs  iluid,  mid  finally,  by  keeping  the  nui^l) 
ill  lively  motion  durinj^  tlie  cliief  fermentation  jieiiod 
willi  tlic  assistaiK-c  of  an  effective  movable  vat  cooler. 
l!y  imyiiiK  cIokc  attention  to  these  requirements,  it  is 
now  possible  to  obtain  potato  mashes  registering  at  least 
.')  ,  and  possilily  even  ti'  to  1"  Balling  more  than  the 
slai'ch  iK-rccnlase  of  the  jpotatoes.  According  to 
MiicM'kcr,  concent  rated  niaslies  fennent  with  greater 
purily  than  thin  niaslics,  as  the  I'oniier  yield  as  high  as 
IL'  per  cent  of  ah'oliol,  and  the  increasing  alcohol  content 
provifh's  an  excellent  protection  against  the  sehizomycetes 
^luring  the  fci'nieiitation. 

IV.-RRV1VIN(1  THR  MASH  WITH  WATER. 

To  f<'rineiit  a  concentrated  niasli  completely  it  is  neces- 
sary to  !i<l(!  a  <'('rtain  ipiantity  of  water  for  the  purpose  of 
diliitiiiii  tlie  idcoli(»l  I'lescnt  t'owanl  the  end  of  the  fennen- 
(alioii.  Tliis  is  known  !is  freshening  or  reviving,  and  it 
is  iiMiiecessary  in  attenuated  niaslies,  but  is  extremely 
useful  wilii  thick  niashes,  as  tlie  alcohol  content  becomes  so 
Kicat  in  the  lalter  (hat  il  finally  causes  the  weakening  of 
Ihei  feiitieiitative  action.  The  water  sliould  be  added  as 
stHni  as  the  condition  of  lh«i  mash  toward  the  end  of  the 
chief  fermentation  period  iterniits.  The  introduction  of  the 
water  is  furthermore  coiLveiiient  liecnnse  by  means  of  it 
the  teinpernfurt^  nf  tiie  mash  can  bo  suitably  regulated  for 
the  iifter-fermentation.  The  ipianlily  of  water  dejiends 
n|H)n  the  vai  space  available  above  the  mash.  Tn  Oer- 
inaiLV,  in  accordiince  with  the  prescriptions  of  the  Tax 
hurean,  at  least  !.(>  inches  of  space  above  the  mash  must 
remain  after  the  water  is  added. 
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ion.  ncftnniiHiiiftl  liy  tlit>  most  active  development 
vcnsi  and  its  tVniit'iitiitive  efficaey,  which  merely 
■i'>  tht'  un|iit'iisaiit  iiroperty  of  excessive  ffotliiug 
111.'  a.-tivc  |.in|ia{rati(iii  of  the  yeast,  aud  that  tlie 
tti  iiidin-f  roamiiij:  IVniieiitntion  is  evidem*  of  the 
I'liiidaiil  iM.wcr  nf  the  yeast.  Only  particnlai'ly 
<■  \f:ist  iiH-rs  are  i-apalile  of  exciting  foaming  f«- 
ioii.  'I'ltif.  foiiii  of  fcniicntation.  of  course,  can  also 
liniii  ciniiMliniis  of  excel itionally  effective  uiitvition 
\easl.  In  eniisei[uencf',  it  will  not  cause  surprise 
e  ex.-elleiil  ■iislillinfi;  Yeast  liaee  II  in  mauy  ciises 
tends  sln.nyly  U>  imhiee  foaiiiiiig  feriiientatiou.  It  was 
for  ihi-^  reason  that  al  lirst  llie  liaee  II  was  not  raindly 
inlii.iliiiTil.  imiwiilislaihlinj;  its  otiicrwise  excellent  cliai- 
aeleiisties.  Meaiiw  liile.  we  liavc  liccoine  familiar  with  the 
iialiiie  of  foaiiiiii.i;'  reiiiieiilalion,  and  in  consequence,  thf 
fnil.iwiiii,'  rnli-s.  ;is  uliveiveii  and  hiid  down  hy  Hesse, 
sh.iii!.!  lir  iiti|ilo\ed  ill  enuiitcraelin;!;  its  apiiearance: 

1.  liiirlilv  .■(.rieeiLltaled  iiiaslLes,  stroil^lv  soiireil,  should 
i«-   e,„l.lov/.d. 

■J.  'i'lmrniiuli  fei'im  iilaliiiii  of  the  yeast  to  4'  to  (i°  by 
siii-i'liaioiiiel.T.  with  a  lii.i:li  liiial  lein|i('niture  of  HC  F.,  in 
oiihr  In  lie  able  to  iiiln>dai-e  llie  siroiijrest  possible  yeast 
into  tlie  iiiasli.  is  advisalile. 

;i.  (July  two-ihliils  to  tliree  rnurtlis  of  the  usual  per- 
iiiissihle  iinaiitily  nf  yeast  should  he  used. 

4.  I'iteliin,!:    tiie    vl-ast    with    sweot    mash    should    U' 
avoided.      (These  arc  all   iviiiilatiuns   wliereliy   the  yeast 
can  he  eoitverted  fnini  the  luxuriaiil  enadition,  tending  to 
]iropa;ial<'  to.,  freelv,  into  a  i(.l>iisl  and  healthy  state.) 
.').   i.iiiitf  malt  should  he  nscl. 

C.  ( )f  this  ahoul  -iTy.T)  pounds  only  for  each  l.OOO  gallons 
(if  mashing  caitacity  should  be  used,  and  of  this  quautity 
ahtrnt  onedialf  or  at  most  two-thirds  should  he  saccharified 
in  the  preparatojy  mash  vat,  the  reuminder  Iwing  intro- 
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duced  after  the  completion  of  the  saccharifieation  iu  the 
fore-mashing  vat,  during  the  cooling  and  after  the  addi- 
tion of  the  yeast  at  about  77°  F.  Furthermore,  Hesse 
observed  that  foaming  fermentation  occurred  during  the 
chief  fermenting  period  only.  That  is,  at  a  time  whon  an 
extraordinarily  eflfective  yeast  was  ])rovided  with  prac- 
tically unlimited  quantities  of  sugar,  if  the  saccharifieation 
with  the  entire  quantity  of  the  malt  had  progrcssinl  nor- 
mally. If  the  yeast  be  supplied  with  less  sugar,  it  does 
not  induce  such  violent  fennentation,  and,  consequently, 
forms  little  froth.  It  is  for  this  reason  that  the  malt  is 
added  in  stages — ^first,  that  too  much  sugar  may  not  be 
farmed  during  the  mashing,  and  secondly,  that  it  may  be 
gradually  formed  during  the  course  of  the  fermentation 
in  order  to  avoid  foaming  by  providing  insufficient  quan- 
tities of  sugar. 

7.  The  mash  must  not  be  allowed  to  stand  for  too  long 
a  time  for  saccharization ;  aftcM*  the  blowing  out  the  stir- 
ring apparatus  is  allowed  to  continue  in  operation  for 
about  ten  minutes  and  cooling  is  tliereu])on  at  once  lu'gun. 

If,  in  spite  of  these  ])rocautions,  foaming  fermentation 
nevertheless  api)ears,  it  is  customary  to  combat  it  by  the 
use  of  petroleum,  oil,  oi'  molten  lard,  which  should  be 
added  to  the  mash  as  early  as  possible.  As  a  rule,  one- 
half  to  one-third  of  a  (piart  of  petroleum  or  fat  for  each 
vat  is  sufficient  for  the  i)Uii)ose,  but  the  heaviest  form  of 
foaming  fermentation  cannot  be  overcome  in  this  manner, 
nor  is  it  possible  to  remove  the  cause  thereby.  For  the 
rest,  strong  and  long-continued  steaming  at  high  ])ressure, 
the  maintenance  of  high  mashing  tenq)eratures,  the  re- 
placing of  barley  malt  by  ryi»  or  oat  nuilt,  as  well  as  other 
precautions  during  the  course  of  the  operations,  are  often 
effective  in  oveicoming  this  uni)leasant  form  of  fermen- 
tation. It  is  more  certain,  however,  to  follow  the  regula- 
tions given  above  as  closely  as  possible,  or  to  employ  the 
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Yeast  Race  XII,  which,  in  spite  of  strong  fermentative 
eflBcacy,  never  induces  foaming  fermentation. 

Vn.-THE   FERflENTINQ  ROO/l  AND  FERflENTINQ  VATS. 

The  fermenting  room  should  always,  as  far  as  possible, 
possess  a  unifonn  temperature — not  too  low  in  winter 
and  not  too  high  in  summer.  For  this  reason  the  fer- 
menting room  was  often,  in  former  times,  located  in  the 
cellar.  In  the  modern  method  of  construction,  however, 
the  cellar  space  is  usually  resented  for  the  malting  floor, 
and  the  fermenting  room  is  conseciuently  located  on  the 
ground  floor.  To  insure  the  maintenance  of  proper  tem- 
jjeratures  the  walls  must  be  of  at  least  two  thicknesses 
of  stone,  and  protection  against  temi^rature  changes 
should  be  i)rovided  by  limiting,  as  far  as  possible,  the 
number  of  windows  and  doors.  At  times,  heating  appa- 
ratus, such  as  stoves  or  steam  pii)os,  will  be  found 
necessary.  However,  this  reiiuirement  is  no  longer  so 
pressing,  as  it  is  far  easier  to-day  to  regulate  the  tem- 
perature by  the  introduction  of  vat  cooling.  If  the  fer- 
menting room  is  cold,  it  is  advisable  to  cover  up  the  vats 
in  any  suitable  manner  after  the  completion  of  the  chief 
fermentation  ])eriod.  Moreover,  the  water  added  after  the 
com])Ietion  of  the  chief  fermentation  also  serves  to  regu- 
late the  temi)erature  of  the  mash.  Needless  to  say,  the 
fermenting  room  should  be  kei)t  absolutely  clean,  and  to 
assist  in  maintaining  this  condition  it  should  of  course 
be  provided  with  a  proper  water  supply.  When  necessary, 
a  powerful  disinfectant,  such  as  fluoric  acid  or  chloride 
of  lime,  should  be  added  to  the  cleansing  water. 

The  fermenting  room  must,  furthermore,  be  furnished 
with  an  unobstructed  water  outlet;  it  must  be  light  so 
that  it  can  be  properly  examined  at  all  times  to  see 
whether  every  part  of  it  is  clean,  and  it  should  be  of  such 
height  that  the  escaping  carbonic  acid  from  the  ferment- 
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to  spurt  to 
movable  vat 

A  height  of 
to  be  recoiii- 

)  prevent  tlif 

i  air,  but  the 

L>  allowed  to 

lature.     For 

iigs  must   be 

.'S<^  oiieiiiiigs 

™8d  to  the  outer  air  ami  can  lie  closfd  l)y  nieaiis  of  sliut- 

'^^s  to  [Mfrmit  tlieir  regulation  in  any  (lcsiit'<l  manner. 

^''e  floor  and  walls  oi"  the  fi'iinc'ntinj;  roiini  must  be  S(i 

'f"istrueted  that,  like  tliosc  ol'  the  niallhij;  Imuse.  they  ran 

J^asiiy  be  waslied  or  senibhed.     U  is  inivisahle  to  |.ri)vidf 

'"c  walls  to  a  height  heyoml  the  ica<-b  of  the  mash  with 

'^  Coating  of  a.s|)lialt  tar.  \vlii<-h  should  be  apiilieij  Iml  sev- 

^'^H\  limes  to  the  thoroughly  diy  plaslei-  .>r  eenienl  id'  the 

^'nils.     For  this  purpose  l^i-^  parts  of  iispbalt  In  2  parts 

*'!'  foal  tar  eail  he  used.     (Vmeret*'  is  iu'st  ailapled  for  the 

**'Undation  of  the  fermenting  ri>om  as  it  can  easily  he 

**U'aiied.     Asi)lialt  is   not  as  good  as  eouci'ete  for  this 

I'Urpose.  as  dej)ressions  are  easily  formed  in  i(.  in  wliieh 

*lio  niasli  (!olle<-ts  freely. 

Fennenting  vats  are  almost  universally  of  wood,  though 
for  larger  plants,  in  which  vats  ni'  extreme  <finiensions 
*Mo  iieeessary.  the  latter  are  sonietinirs  of  iron.  Occa- 
sionally vats  of  cement  or  sandstone  plates  are  to  lie 
found."  imt  tln'se  are  hardly  advisable,  as  they  are  at- 
tacked too  easily  by  llie  sonr  niasji.  Fermenting  vats  of 
glass  hnvo  been  suecessfnlly  ex|)eriinented  witli.  and  luive 
been  found  t<i  possess  vahiable  eharac-terislics.  However, 
it  is  extremely  diilicult  to  construct  such  large  vessels  of 
glass,  and  their  eoTise»iuent  costliness  has  thus  proved  ii 
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serious  liindrauce  to  their  general  iutroduction.  Tli? 
wooden  vats  should  bo  provided  witli  a  frequently  re- 
jit'ated  oonting  of  oil  paiiit,  or  as  oil  paint  eannot  staud 
sc-rubbiug  witli  liine,  ]ireferably  with  a  durable  varnisli 
made  from  4  pounds  of  ooiophony,  '^  pound  of  sheila*.' 
and  2  pounds  of  turjientine,  dissolved  in  1.8  gallons  of 
!K)  per  cent  s|)irit.  Tiie  strength  of  tlie  spirit  should  not 
be  loss  than  this,  under  any  eircuinstances. 

The  vat  is  given  one  coating  of  this  varnish  aud  llu' 
vaiiiish  is  then  ignited.  The  coating  bums  into  the  vat 
and  beoonies  very  durable.  The  operation  should  be  re- 
peated a  number  of  times  before  the  vat  is  used.  For 
}mr])oses  of  cleansing,  the  vat  should  be  coated  regularly, 
after  being  enijttied,  with  lime  as  freshly  slaked  as  it  can 
be  obtained,  and  before  the  vat  is  used  this  coating  of 
lime  should  he  scrubbed  out  ■with  water.  Unused  vats 
should  be  allowed  to  stand  with  tlie  coating  of  lime  aud 
filled  with  water.  Under  ordinary  circumstances  the  use 
of  llie  lime  is  ([uite  suflicicut.  If  interruptions  or  retarda- 
tion.s  in  tlie  feriuenfation  occur,  the  strongest  methods 
nmst  be  at  once  applied,  in  order  to  destroy  the  inimical 
organisms,  and  among  the  best  means  for  this  purjjose  is 
sour  sulphate  of  lime. 

In  distilleries  working  witli  concentrated  mashes,  vats 
of  round  or  oval  I'orin  arc  generally  used,  while  in 
yeast  distilleries  s<iuare  vats  are  not  infrequently  en- 
countered. Tlie  latter  require  little  looin  and  render  the 
removal  of  the  yeast  less  <lifficult.  The  height  of  the  vat 
depends  upon  the  total  content  as  well  as  u|ion  the  con- 
sideration of  saving  in  s}iace  above  the  mash.  The  space 
aliove  the  mash  is  <lecreased  if  the  vat  Is  high.  Tn  general. 
the  iieiglit  of  the  vat  should  not  be  less  thiin  39  or  4i> 
inches.  Vats  having  a  volume  of  T.jO  gallons  are 
usually  4  to  4  2/8  feet  in  lieighf.  The  walls  of  the  vat 
are  usually  2  to  2.8  iuches  in  thickness. 
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VIII.- WATER  CONSUnPTION  IN  THE  DISTILLERY. 

The  water  consumption  of  the  distillery  depends  chiefly 
upon  the  temperature  of  the  available  water,  as  the 
greater  quantity  of  the  water  necessary  is  used  for  cooling 
purposes.  With  a  water  temperature  of  50°  F.,  it  is  pos- 
sible to  operate  with  but  3  to  4  gallons  of  water  for  each 
gallon  of  mash,  while  if  the  temperature  is  higher,  the 
quantity  of  water  requisite  may  be  double  this  and  even 
more.  According  to  Goslich,  the  distillery  well  should  be 
able  to  supply  the  following  quantities  of  water,  and  the 
pump  should  have  the  corresponding  capacity  per  hour, 
given  below: 


WATER  CONSUMPTION  OF  THE   DISTILLERY. 


Daily  Yield  of  the  Well. 

Content 

Capacity  of 

of  the 

(^rmentinK 

Vats. 

Sinirle- 

Twofuld. 

Thi-eefold. 

Fourfold. 

the  Pumps 
[H-T  Hour. 

Open 

It  ion. 

QalloDS. 

Cubic  foet. 

Cubic-  feet. 

('»il»ie  feet. 

Cul.ic  feet. 

Ciil)ie  feet. 

260 

353.0 

5-29.5 

TOIkO 

SS2 . 5 

KMi.O 

375 

529.5 

1  lO.) 

1059.0 

1271.0 

159.0 

r>oo 

635.4 

OSS .  4 

1-271.0        . 

1 5SS . 5 

212.0 

625 

776.5 

1200.0 

1553.0 

17(55.0 

265.0 

750 

918.0 

1412.0 

1765.0 

'2294.5 

31S.I) 

875 

1059.0 

15SS.5 

211S.0 

2r>47.5 

353.0 

1,000 

1235.5 

I7r)5.() 

2471.0 

3000.0 

424.0 

1,250 

1588.5 

21(M).() 

3177.0 

3ss;j.(i 

."njo  0 

IX— THE   INVESTIQATION  OF   THE   FERMENTED  HASH. 
1.— The  Determination  of  the  Degree  of  FermenUtlon. 

One  of  tlie  most  iniportant  investigations  for  judging 
the  excellence^  of  the  operations,  is  the  determination  of 
the  degree  of  fermentation  of  the  mash,  wlien  the  hitter 
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is  ready  for  distillation.  For  this  purpose  an  average 
sample  is  taken  from  the  vat  after  the  contents  have  been 
thoroughly  stirred,  and  the  sample  is  filtered  to  complete 
clarity  by  means  of  the  filtering  apparatus.  The  mash 
should  be  ])rotected  against  evaporatiou  during  the  filtra- 
tion jn'ocess  by  ]troper  eni-asing  of  the  apparatus.  The 
determination  is  carried  out  with  tlie  same  saccha- 
romcter  which  is  employed  for  the  investigation  of  the 
sweet  uiasli;  but  the  results  of  the  sacolmrometry  witli  the 
sour  mash  are  not  merely  compared  with  those  of  the 
sweet  mash  in  order  to  ascertain  the  difference  in  the 
lierccntages,  which  represents  the  ])roportioii  of  fermented 
sugar.  On  the  one  hand  the  saccharometer  indicates  not 
only  the  sugar  percentage,  hut  it  shows  as  well,  all  the 
constituents  of  the  raw  substances  which  have  been  dis- 
solved. That  is,  it  represents  the  total  extract;  further- 
more, there  is  also  |)ieseut  in  the  fermented  mash  a 
substance  of  low  specific  gravity  which  makes  the  results 
of  the  saccharonietiy  of  the  fermented  mash  apiwar  too 
small.  This  substance  is  the  alcohol  which  has  been  pro- 
duced (luring  fonnentation.  If  tlic  alcohol  is  not  con- 
sidered and,  as  is  usual  in  practice,  tlie  saccharometer 
reading  is  taken  direct  from  the  fonnented  mash,  the 
ap]tarcnt  fermentation  only  is  detennintd,  in  contrast  to 
the  actual  fermentation,  which  is  found  from  the  inves- 
tigation of  ttie  filtrate  which  is  deprived  of  its  spirit 
content,  and  is  then  again  brought  to  its  original  volume. 
By  taking  into  account  the  alcohol  ])rodticed  in  the  mash, 
it  is  possible  to  ascertain  by  calculation  the  number  of 
saccharometer  degrees  by  which  the  si)ecific  gravity  of 
the  filtrate  baa  been  altered  through  the  influence  of  the 
alcohol.  The  following  saccharometer  degrees  should  be 
added  to  the  saccharometer  reading  of  the  fermented  mash 
at  17.5°  C.  or  (5,3.5°  F.,  in  order  to  obtain  the  actual 
degree  of  fennentation : 
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Alcohol  Content  In  Saccharometer 

Per  OeDt  by  VolunMw  Devrees. 


This  table  shows  how  largely  the  saccharometer  reading 
is  influenced  by  the  alcohol  content  of  the  mash.  For 
example,  a  thick  mash  of  24°  is  fermented  to  l|/{.°  by 
saccharometer.  What  is  the  actual  (juantity  of  fermented 
substance  f  The  apparent  result  of  ly^  sawliarometer 
should  be  increased  by  3.i'5°  with  the  12  ])er  eetit  by 
volume  alcohol  content  of  the  nuisli,  whicli  is  to  be  ex- 
])eeted  under  these  circumstances,  so  tliat  the  actual  fer- 
mentation of  the  masli  has  progressed  to  5.45'  by  saccha- 
rometer, and  hence  134'  —  0.45'  =  18.55°  by  saccharometer 
have  been  fermented. 

Fotli  has  prepared  a  table  which  shows  the  alcohol  con- 
tent to  be  exjjected  with  various  appait'iit  degrees  of 
fermentation  {that  is,  tlic  result  of  the  saccharometer 
investigation  with  the  fermented  mash)  of  sweet  mashes 
with  definite  saccharometer  readings. 

From  this  table  we  see  lliat  tlie  generally  accepted  view 
that  mashes  of  21^  by  saccharometer  need  only  he  fer- 
mented to  T  to  4'  by  sa<'<'liaroineter  in  order  to  give  the 
same  yield  as  mashes  of  2(1"  by  saccharometer,  fermented 
to  1°  to  1.5',  is  wrong.  The  exi'css  alcohol  itroduced  from 
mashes  rich  in  suK.ir  naturally  dccrea.scs  the  saccharometer 
reading  of  the  fermented  nuish  i)rop()rtionately  more,  so 
that  according  to  Foth's  table,  if  20  |)er  cent  mashes  show 
a  fermentation  of  1..'!',  25  per  cent  mashes  with  e(|ual 
yield  must  show  a  saccharometer  reading  less  by  0.45'' 
only. 

The  opinion  is  still  held  very  widely  that  it  is  uorea- 
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T4BLE  FOB  DBTEBMINISO  THE  APPARENT   DEOEtEE  OF   FEHMKNTATtOS  AND 

THE  ALCimOLIC  CONTENT  OF  HiUBES,  OP  WHICH  78  PER  CENT  OF 

THE  F.XTRACT    19    FERMENTED   SO   THAT  1  POCND  OF  FER- 

MESTEU  EXTRACT  YIKLDS  0.0(18  QALLOH  O?  ALCOHOL. 


.Tllen(liDiri)t  tbe 


II.ISO 
ia.:t7 
13,94 


SDiiaMe  to  work  (■mici'iitiiilc*!  riiaslits  Iwjoause  they  do 
iiot  feiiin'iit  siillk'ii'iilly:  lliis  view  must  be  eousideied 
eiioiH'otis.  High  iieicoiitago  iikimIr's  chh  bt'  fenneiited 
just  Jis  Tar  as  those  of  low  percciilajic.  If  the  highly  ooii- 
ci'iitralcd  mash  is  inochici:'!.!  from  iiotatoes  rioh  in  starch, 
so  that  thi.'  extract  coiitairis  a  large  content  of  fermentable 
sugar  ami  a  small  pfrceatagc  of  other  constituents,  the 
liigli  |)t'ii'entagf  mawh,  in  which  the  |jroi)ortiou  of  alcohol 
jiroiluced  is -Javgc,  may  sliow  a  fai'  better  femiontation 
than  a  low  percentage  masJi.  wliicJi  is  jtoor  in  sugar  and 
in  which  tJie  <|niiiitily  of  alcohol  |)resoiit  is  small.  The 
acfiuil  fermentation,  therefore,  is  not  always  i)oorer  in  the 
mashes  of  the  latter  kin{|.  'riiiis.  for  instance,  a  uiasb 
containing  9  pov  cent  of  alcohol  by  volume,  and  liaving  an 
apparent  fermentation  of  2.4°,  possesses  the  same  actual 
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fermentation  of  5.45°  as  a  mash  containing  13  per  cent 
of  alcohol,  and  having  an  apparent  fermentation  of  1.3°; 
this  fact  should  not  he  neglected  in  judging  the  excellence 
of  the  operations  in  question.  In  this  regard,  conclusions 
should  never  be  drawn  from  the  results  of  the  saccha- 
rometric  investigation  without  due  consideration  to  the 
circumstances  under  which  the  investigations  were  made. 

2.— Th«  Detemilnatlon  ot  the  Acidity. 

The  determination  of  the  acidity  is  carried  out  with  20 
cubic  centimeters  of  the  clear  liquid  from  the  fenuented 
mash,  by  lueans  of  the  known  titration  apparatus,  illus- 
trated on  page  1!I3.  liut  the  ik'tcniiinatioii  of  the  acidity 
of  tlie  fermented  masli  is  not  cniicliisive ;  it  detennines  tlic 
increase  only  in  acidity,  wliicli  lias  occurred  during  fer- 
mentation. We  have  seen  aliove  that  tiic  sweet  mash  itself 
is  sour,  and  that  the  degree  of  tlie  acidity  varies  iH'tween 
comparatively  wide  limits.  W'itli  regard  to  tlie  cliariicter 
of  the  o|)erations,  tlie  iiiveslififitioii  thus  sliow.s  (he  in- 
crease in  acidity  iilonc.  Hint  is,  the  dillVrence  hetwecn  the 
(luantity  of  acid  in  the  lVrrncnle<l  masli  ami  lliat  nl"  the 
sweet  mash.  The  sinalli'r  tlie  increase  is.  the  purer  has 
been  the  fermentation,  !iii<l  the  licttcr.  in  fjcncral.  lia«  been 
the  work  of  the  distiller;  the  gieatei'  tlie  original  quantity 
of  acid  in  the  yeast,  and  the  stronger  tlie  action  of  the 
lactic  acid  fernient  iil'  the  yeast,  the  smaller  will  be  the 
increase  in  jiciil  of  the  mash,  for  greater  quantities  of 
acid  supjiress  the  ai-id-lorniing  fanj^i.  An  incn'ase  in 
acidity  of  l).1  to  n.J  <iibic  centimeter  may  be  regarded 
as  excellent,  l'.2  to  i'..'!  cubic  rentimeter  as  siitist'aetory, 
wliile  more  than  0.1>  must  be  characterized  as  poor.  In 
the  last  {'ase  it  is  absolutely  necessary  to  jirocnre  new 
lactic  acid  cultures,  and  to  watch  the  o))erations  in  the 
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Iireparation  of  tlie  yeast  and  in  mashing  with  the  greatest 
care. 


Tlie  detcnnination  of  tlie  alcohol  content  constitutes  the 
most  reliable  expression  of  the  success  of  the  entire  dis- 
tilliiig  process.  It  is  for  this  reason  that  the  alcohol 
dcU'Miiiiiation  should  always  be  made,  iu  every  properly 
conducted  distillery.  For  the  purposes  of  the  investiga- 
tion 101)  cubic  ct' II ti meters  of  the  fermented  mash  filtrate 
are  ))laced  in  a  liter  Mask  and  diluted  with  the  same  <iuan- 
tity  of  water;  the  mixture  is  boiled  until  all  the  alcohol 
has  distilled  over.  It  is  certain  that  this  has  been  accom- 
plished when  the  distilhite  has  boon  brought  to  the  original 
volume  of  KH)  cubic  wiitimetevs.  The  liquid  which  has 
been  made  u|)  exactly  to  the  100  cubic  centimeter  mark 
of  the  flask,  is  shaken,  and  is  then  placed  in  a  dry  glass 
cylinder,  is  cooled  to  the  normal  temperature  of  15.5°  i\ 
or  (iO'  v.,  and  is  tested  tin-  its  alcohol  content  by  means 
of  Ji  hydrometer,  known  specilically  us  a  low  wine  testing 
device.  The  glass  factoiy  of  the  .\ssoeiation  of  Spirit 
Manufacturers  of  (lernijiny  juovidcs  especially  delicate 
hydrometers  for  this  purpose.  They  are  graduated  to 
IT)  of  !i  per  cent  to  insure  accurate  readings.  The  com- 
|il(-te  testing  ajiparatus.  which  can  be  jirocnred  from  the 
same  institution,  is  illustrated  in  Fig,  61. 

This  can  also  he  used  for  the  examination  of  the  wash 
with  regard  to  its  alcohol  content.  As  in  the  wash  it  is 
usually  a  i|uestion  of  a  few  tenths  of  a  per  cent  of 
alcohol,  r>l)0  (■ubi(^  centimeters  of  the  filtered  wash  arc 
examined.  The  distilhiti<ui  is  carried  out  as  in  the  ex- 
amiiudion  of  the  mash,  and  the  test  sample  is  boiled  until 
the  prepared  100  cubic  centimeter  flask  is  filled  exactly  to 
the  mark.    As  the  quantity  of  alcohol  contained  in  the 
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this  loss  is  a  small  one,  but,  nevertheless,  it  must  be 
eonai(k*red  to  aggregate  1  to  2  per  cent  of  the  mashed 
staivli. 

2.  Certain  quantities  of  the  fermentable  substances  dis- 
solv('(J  hy  the  malt,  remain  unfenuented.  These  quan- 
tities in  the  beat  methods  of  operation,  constitute  4  per 
cent  of  the  fermentable  substances,  with  average  oiwra- 
tion  7  ]tc'r  cent,  and  with  unsatisfactory  operation  12  per 
cent. 

.'i.  All  tlie  sugar  which  is  fermented  is  not  split  up  iuto 
alcohol  and  carbonic  acid;  certain  unavoidable  by- 
j)riHlu<'ts  of  the  fcniientafion  also  arise.  About  5  per  cent 
of  the  su^iir  is,  on  an  average,  converted  into  succinic  acid, 
glycerine,  and  other  nictaliolic  jtroducts,  and  is  used  for 
the  nourishing  of  the  yeast.  From  7  to  12  per  cent  is 
lost  Ihroiifjli  ini|)nrc  fermentation. 

4.  During  the  coursi'  of  the  fermentation  certain  quan- 
tities of  the  alcohol  are  evaporated. 

0.  Certain  quantities  of  the  carbohydrates  are  consumed 
111  rough  liy-fcri  Mentation. 

(i.  A  ccrfain  ]iart  of  the  alcohol  is  transfonned  into 
ai'ctii'  aeid  and  aldehyde.  Accordingly,  it  can  be  assumed 
that  IVoni  inil  j.arts  of  ina.slied  starcli'lO  to  Hi  per  cent  is 
lost  even  with  the  best  methods  of  operation,  19  i>er  cent 
with  average  methods,  and  27.>^  per  cent  with  unsatisfac- 
toiy  (i|)eration, 

.\;s  a  rule,  it  may  be  assumed  tliat  of  the  total  quantity 
of  eail)oh  yd  rates  i)resent  in  the  mashing  raw  material,  88 
]ier  cent  is  eonverted  into  aleohol  with  the  best  methods 
of  operation,  SO  |ier  cent  with  average  operation,  and  72.5 
\»>r  ft'id  with  iinsafist'ai-lory  methods.  In  accordance  with 
these  figures,  the  alcohol  obtainable  from  1  pound  of 
starch  in  very  rare  cases  is  .OdJ)  to  .071  gallon,  with  ex- 
cellent operation  .0(18  to  .fl(ii),  with  average  operation  .(Hi5 
to  .(Kid,  and  with  unsatisfactoiy  operation  .059  to  .(MK). 
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of  tlie  strictest  rules  of  sterilization  of  all  the  apparatus 
ill  (]ucstioii,  is  suliKtniitially  as  follows :  The  com  is 
steamed  in  the  Uoiize  apparatus  in  the  usual  mauoer,  is 
lilown  nut  into  the  iiiasiiin^  vat,  and  then,  with  the  use  of 
only  1  to  2  per  cent  of  harley  in  the  form  of  malt,  is 
mashed  in  the  ordinary  manner.  The  malt  is  used  for 
tilt'  purpose  merely  of  liiiuefying  tlie  starch  and  reuder- 
iuf^  tile  nia^li  liui<l  and  capable  of  lieing  jiumped.  It  is 
not  a  i|Ucstion  of  complete  sa<*<'harifieation,  though  this 
would,  of  course,  he  useful.  After  the  eompletion  of  the 
mashing,  tlie  entire  mass  in  the  vat  is  heated  to  the 
boiling  point,  after  a  small  quantity  of  sulphuric  aeid  lias 
been  added,  and  in  tliis  condition  tlie  mash  is  pumped  into 
the  IViinciiting  vat,  and  either  in  this  vessel,  or  in  a 
horizontal  steamer,  it  is  sterilized  at  a  pressure  of  I'l; 
atmospheres.  The  quantity  of  tlie  addwl  sul]ihiiric  acid 
depf-nds  upon  the  amount  of  carbonate  of  lime  in  the 
niashing  water.  The  fermenting  vat  is  a  cylindrical  iron 
vessel,  which  can  be  tightly  ch)sed,  and  for  this  purpose 
is  jiiovided  with  the  most  etficient  a|)])liances  in  order  to 
hinder  the  entrance  into  the  masli  of  fungi  inimical  to 
fermentation.  First,  the  mash  is  maintained  at  the  hoilini^ 
point  for  a  consideiablc  time  in  this  vat,  in  order  to 
!^tcrillze  it  completely,  an<l  then  the  cooling  is  begun  by 
external  sluicing  of  the  iron  vessel,  the  strong  stirring 
appanitus  within  the  vat  being  kept  in  constant  operation. 
while  a  current  of  cold,  purified  nir.  absolutely  free  from 
fungi,  is  blown  through  the  vat.  AVhen  a  temperature  of 
inr  F,  is  reached,  the  mash  is  infected  with  the  fungus. 
The  imre  cultivation  of  the  latter  is  carried  out  with 
cooked  rice,  which  covers  the  bottom  of  a  flask  of  about 
1  quart  capacity.  The  rice,  together  with  the  fungi,  is 
washed  into  the  fennenting  vat  with  the  necessaiy  pre- 
cautions usual  in  bacteriological  work.  The  small  quan- 
tity of  1  gallon  is  sufficient  for  100,000  gallons  of  the 
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mash.  Tiie  stirriiig  apparatus  is  kept  in  operation  and 
sterilized  air  is  continuously  blown  into  the  vat;  tlm 
fungus  begins  to  form  long  threads  and  in  twenty-lour 
hours  completely  pervades  the  mash.  The  iodine  reaction 
becomes  weaker  from  hour  to  hour;  the  fungus  is  now  in 
full  sugar-forming  activity.  Subsequently,  the  fungus 
tlireads  separate  into  indi\'idual  barrel-shaped  branches, 
and  alcoholic  fermentation  sets  in,  accom]tanied  by  thw 
development  of  carbonic  acid.  The  fennentation  however 
is  slow,  and  the  fungus  is,  therefore,  so  little  suited  for 
the  working  of  concentrated  mashes  that  its  fermentation- 
exciting  power  must  be  increased  by  the  addition  of 
pure  culture  yeast.  Before  pitcliing  with  yeast  the  mash 
is  cooled  to  8ti°  F.,  and  when  this  point  is  reached  it  is 
infected  from  a  Pasteur  flask  witli  al)out  one-half  gallon 
of  liquid  yeast  containing  barely  O.li  ounce  of  solid  yeast, 
for  the  tremendous  mass  of  10(1,(K)0  gallons  of  nuished 
material.  This  slight  (juantity  is  sufficient  to  jieruieate  the 
entire  mass  with  yeast  within  twenty-four  hours,  and  with 
continued  introduction  of  air,  to  induce  vigorous  fennen- 
tation. For  this  purjiose  the  Yeast  Kaces  II  and  XII 
have  proven  most  effective.  The  mold  fungus  does  not 
injure  the  yeast,  though  jirobably  the  latter  is  inimical 
to  the  former,  so  that  the  growth  of  the  mold  fungus 
should  be  nearly  com])letcd  before  the  yeast  is  added. 
Several  hours  after  the  yeast  is  introduced,  the  air  is  shut 
off,  the  stirring  apparatus  is  continued  in  oiieration,  and 
the  simultaneous  action  of  the  two  fungi  liegiiis.  This 
leads  to  the  completion  of  the  fermentation  in  a  fur- 
ther period  of  seventy-two  hours,  the  fermentation 
being  carried  to  I),  or  even  less.  The  total  time  of  the 
operation  in  tlic  feiiiienting  vat  comprises  five  times 
twenty-four  hours;  thus,  if  the  day  for  the  mashing  and 
emptying  is  included,  the  fennentation  period  lasts  six 
days.     The  spirit  ]iroduced  is  distilled  with  the  usual 
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apparatus,  and  it  is  said  to  possess  a  liigh  degree  of 
purity.  With  careful  and  conscientious  ojwration  this 
]iioi'ess  yields  0.078  gallon  of  alcohol  for  each  pound  of 
starch;  or,  for  each  |)ound  of  corn  containing  60  per  cent 
of  starch,  the  yield  is  0.047  gallon  of  alcohol,  whereas  with 
tile  oltl  methods  it  was  possible  to  obtain  but  0,040  gallon 
under  the  most  favorable  circumstances.  The  feasibility 
of  this  juocess  and  its  advantages  for  very  large  plants 
nmst  be  regarded  as  proven;  it  is  still  an  open  question, 
however,  whether  its  introduction  for  operation  on  a 
smaller  scale  is  i>racticable.  The  installation  requires 
great  outlay,  the  operation  is  expensive,  the  coal  consump- 
tion is  high,  interruptions — easier  to  avoid  in  working  on  a 
large  than  on  a  small  scale — cannot  apjiarently  be  avoided, 
and  finally,  tlic  value  of  the  resulting  wash  is  less.  The 
jirofess  has  so  far  been  proven  of  value  for  the  working 
of  coin  only. 

To  test  its  utility  for  the  working  of  potatoes,  thorongb 
investigations  were  carried  out,  at  the  instance  of 
Delbriick,  by  the  Institute  for  Feniientation  Industries,  of 
(Jcriiiany,  and  from  these  it  would  appear  that  the  appli- 
cation of  the  aniylo  )>ro('ess  to  jiotato  distillation  is,  at  the 
jiresent  time,  ai)]iarcntly  unpromising. 


PART     XI. 

DISTILLATION   AND  RECTIFICATION. 
I.— GENERAL  INFORHATION. 

THE  fermented  mash  contains  the  alcohol  accom- 
panied by  water,  unfermented  sugar,  liu&ks,  salt, 
yeast,  and  volatile  and  non-volatile  by-products 
of  fermentation.  The  separation  of  the  alcohol  from 
the  water  of  the  fermented  mash  by  means  of  distilla- 
tion, and  tJie  condensation  of  the  distillate,  are  jjossibie 
because  the  former  possesses  a  lower  boiling  point  than 
water;  the  latter,  as  is  known,  boils  at  21:^°  F.,  while 
the  boiling  point  of  absolute  alcohol  is  approximately 
173°  F.  If  a  mash,  which  under  modern  circumstances 
contains  from  10  to  1'2  per  cent  of  alcohol,  is  brought  to 
the  boiling  point,  the  volatilization  of  the  alcohol  is  not 
such  that  the  total  alcohol  distills  over  as  absolute  ah'ohol, 
that  is,  in  a  dehydrated  condition,  at  173"  F.,  while  the 
■water  remains  unevaporated  until  '212"  F.  is  reached;  but 
each  mixture  of  alcohol  and  water  possesses  a  certain 
deiinite  boiling  jioint,  also  called  the  distillation  lioint, 
■which  varies  with  the  alcohol  content,  the  lower  the  al- 
cohol percentage,  the  higlier  being  the  l)niliiig  point. 

The  following  tabic,  com|)iled  Iiy  (iroeniiig  and  ain|)li- 
iied  by  Doenitz  gives  tlie  boiling  jioints  of  alcoholic  lii|ui(is 
of  various  strengths,  as  well  as  the  alcohol  content  of  the 
vajior  resulting  from  their  clmllition. 

According  to  the  investigations  of  Sorcl,  the  figures 
given  in  Greening's  talile  vary  somewliat  from  the  results 
in  practical  experience,  in  wlii<'h  the  constructiun  and 
capacity  of  distilling  appaiatus  arc  taken  into  considera- 
tion.    Sorel's  table,  given  herewith,  was  compiled  in  uc- 
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dance  with  his  obser\'ations,  in  which  he  subjected 
□ening's  figures  to  a  critical  examination  and  found 
,t  they  were  somewhat  too  high,  especially  for  lesser 
engths  of  alcohol.  This  is  probably  due  to  the  fact 
it  there  is  a  condensation  of  wealicr  alcolioHc  fluid  on 
t  walls  of  the  distilling  vessels,  which  renders  the  de- 
inination  of  the  content  of  alcohol  in  the  vapors  or 
itillates  too  high. 


'  oroehino's  table  as  corrected  bt  sorbl. 
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From  Oroening'ti  tatdc  wc  see,  for  instance,  that  from 
12  per  cent  alcoliolic  inasli,  which  lioils  at  li)*i.7°  F., 
pors  are  first  evolved  wiiicli  contain  (iO.&i  |)er  cent  by 
luiiie  of  alcohol.  Because  at  the  beginning  of  the  ebulli- 
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lion  vajtors  ver>'  ricli  in  alcohol  are  formed,  the  alcohol 
i-diitc'ut  of  Die  boiling  liquid  naturally,  at  once  begins  to 
dfCR'aHe,  and  when,  for  instance,  it  has  fallen  to  10  per 
<'(*rit.  tlie  boiling  ])oint  rises  to  108.7°  F.,  the  alcohol  con- 
tt-nt  of  the  vapors  falling  to  57.2  yier  cent.  If  through  the 
distillation  of  the  alcohol  the  content  of  spirit  in  the  re- 
iriaiiiing  niasli  has  fallen  to  5  i>er  cent,  the  alcohol  con- 
{fiit  of  the  steam  is  42  per  cent  only,  and  this  decrease 


<-<iiilinu<'s  until  iill  the  alcohol  is  disfilled  off.  From  tliis 
ii  !ii>|)(!iii's  llmt  wliilc  alisolutc  alcohol  cannot  be  obtained 
(IiioiikIi  till'  distilliitioii  of  an  alcobolic  niasb,  nevertheless, 
tlic  total  alciiliol  vaiiorizes  before  the  water  does,  so  that 
it  is  possible  to  obtain  from  an  alr-oliolic  niasli  a  distillate 
with  an  alcohol  content  higher  than  that  of  the  original 
iiiasli. 

11.— SIMPLE   DISTILLATION, 
Tlic  oldest  method   of  strengthening  alcohol  consists 
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in  redistilJing  the  condensed  alcohol  as  frequently  iis 
possible.  The  latter  is  stronger  tlian  the  mash,  but  still 
not  of  sufficient  strength  for  use.  In  this  iiicthod,  after 
each  repeated  operation,  a  stronger  distillate  is  obtaiiuHl, 
while  a  watery  residue  remains  which  is  free  from 
alcohol.  Naturally,  the  process  is  an  extremely  com- 
plicated one,  but  it  remained  the  only  available  nicthcMl 
for  hundreds  of  years.  Fig.  62  sliowa  nppanitut*  avail- 
able for  distillation  as  carried  out  in  tlie  old,  simple 
distilleries;  it  comprises  essentially,  an  alemliic  or  still 
combined  with  a  cooler.  Through  tlie  opening  ti,  the  mash 
to  be  distilled  is  introduced  into  the  still  A,  tlie  head  // 
is  placed  upon  the  still  and  the  mash  is  heated  to  1Ih> 
boiling  point  by  direct  application  of  fire  al  /•,'.  Tiie 
evolved  vapors  enter  the  worm  (',  wliieli  is  located  in  the 
cooling  water  vessel  D,  and  are  here  eonilenwed.  'I'lie 
distillates  from  several  stills  are  eomhined  an<l  ri'tiinied 
to  the  still  A  for  redistillation,  ami  this  operation  is  re- 
peated until  alcohol  of  the  desired  strength  is  olitaJncd. 

III.— DEPHLEOMATION. 

The  principle  of  tlie  deplilegniator  eonsi.-<ts  in  the  par- 
tial condensation  of  the  aleoholie  vapors  t'lom  tlie  still  or 
rectifier,  and  the  con.-Jeiiucnt  enrielinient  at'  these  va|uirs. 
According  to  Pampe.  the  vapors  are  not  sepaialed  inlo 
poorer  and  richer  ]iiirtions  in  tlie  (ieplilegiiiator,  llmse 
lW)orer  in  alcohol  being  condensed,  hut  the  vai>ors  are 
uniformly  condonsi^il  as  in  the  rectifier,  and  by  the  aeticni 
of  the  Buceeediiig  vapor  the  condensed  fluid  is  a^airi 
volatilized.  In  simple  disfillation,  on  the  other  lian<l.  il 
will  bo  remembered,  alcohol  is  strengthened  in  exact  ac- 
cordance with  the  fifjurt'S  of  (Jroeninji's  table  as  corrected 
by  Sorel.  From  this  it  would  appear  that  tlie  strengtlieii- 
ing  action  of  the  dephlegmator  is  due  to  frequently  re- 
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I'catCfl  rondpHsatioii  by  cooling  and  re-evaporation   ae- 
(-<iMi|>aiiii.'il  liy  <'on('('ntrEttion, 

,\('<-(ii<ltiit!;  lit  I'iiiiipc  tile  following  rules  should  be  ob- 
fiiTVfcl  ill  ilic  (iiieration  ul'  the  dephleguiator:  First,  the 
vji]i(ii>  sliiiuld  move  slowly  tliiougli  the  device;  secondly, 
the  conliiig  shuiil<l  lid  gniiliia] — that  is,  the  ditTeienee  iu 
ti-iti|icraliire  lietw'eeii  tlie  cnoJiiig  surface  and  the  alcoholic 
vapor  niiist  not  he  too  great;  thirdly,  as  ]ierfect  as  jjos- 
siiilc  a  i-nnnti  r-i-iinx'nt  of  vapor  and  coo'ing  water  should 
oMaii!  in  lln'  ilcphlegnialor;  and  lastly,  the  sejiarated  fluid 
!-hunlii  niovc  from  ji  colder  to  a  wanner  portion,  while  a 


<-ounter-rnrreiit  between  the  dc^cemling  low  wine  and  the 
asi-cndiiig  vapor  sliould  he  ni-iiiilaincd. 

Kig'^.  (i;i  ftixl  (14  illustrate  exani|)Ies  of  tube  and  bell 
ri'clilirrs,  iiscil-  for  the  coiu-eiitialioii  of  vapors  poor  in 
alcohol  to  vajiors  richer  in  alcohol.  Kach  comprises  a 
pitirnlity  ol'  low  cylin<li  icnl  chainbcvs.  tlie  bottoms  of  which 
arc  I'oiiiicctcd  liy  lateral  iiipcs.  Several  short  tubes  are 
arrangcil  on  the  bottom  of  each  <'liaiiibcr  jirojecting  U|)- 
waid  to  a  point  abovr-  llic  toi>  of  the  jiipe  at  tlie  side, 
so  that  the  level  of  the  llnid  in  tlie  chaiiiher  is  always 
lower  than  llic  to})H  of  tlie  short  lubes.  In  the  tube  re<'- 
tilier,  the  tnln-s  ))rancli  olT  into  two  smaller  downwardly- 
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one  type  of  rectifier,  Ilges's  apparatus,  the  alcoholit- 
vapors  }mss  through  cylinders  filled  with  glass  or  por- 
c<^liiii)  balls. 

The  products  of  tlie  distillation  of  the  mash  are,  first, 
low  wines  obtained  by  simple  distillation,  spirits  or 
wiiinky  obtained  by  rectification,  and  alcohol  obtained  by 
compound  distillation.  Low  wines  contain  as  high  as  40 
jK'r  cent  of  alcohol,  sjiirits  between  40  and  55  jwr  cent, 
iiikI  alcohol  between  55.(1  and  !KJ,7  per  cent  The  residue 
artcr  the  diHtillation  has  freed  the  mash  as  far  as  pos- 
sililc  from  alcohol,  is  known  as  8i)ent  wash,  and  usually 
is  of  consitU'vabk'  value  as  food  for  cattle  and  for  other 
piir)ioscs.  Kroin  the  above  it  will  be  seen  that  distilla- 
liou  can  bo  carried  out  by  two  methods:  First,  by  simple 
(listillalioii.  in  wliicli  products  of  increasing  strength  are 
obliiiiii'd  by  rcpciiliiifr  the  ojicration;  and  secondly,  by 
coriiiioiiiid  (listillalioii,  in  which  the  apparatus  includes 
iwlificis  or  dcphlcuniators.  ("onii)ound  distillatioB  appa- 
latns  is  divided  into  two  classes,  comjirising  periodically- 
workitiff  apparatus  and  continuously-working  apparatus, 
rcsjH'ctively. 

IV.-COnPOUND    DISTILLATION,    RECTIFICATION    AND 

DEPHLEQMATION. 

I.— Periodic  Distilling;  Apparatus. 

The  siiii])le  nielhod  described  in  section  II  above  was, 
of  course,  availalile  I'lir  the  niannl'acture  of  spirit  on 
H  vciy  small  scale  only.  'I'lic  airaiiiiciiicnt  of  modern 
distilliiifi  apparatus  is  such  that  the  alcoholic  vapors  from 
llic  uiasli  pass  into  tlie  rectifier  column  and  from  there 
into  the  dciililcftiiijifor  or  tlio  condenser,  where  for  pur- 
poses of  strcn^iHicnint:;  them  tliey  arc  jiartially  cooled  and 
I'oiidcnsed.  The  litpiid  condensed  in  the  de])lilegmato'r 
(lows  back  into  the  rectifier  and  there  encounters  the  as- 
cending current  of  weak  alcoholic  vapors.     By  the  contact 
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imssccl  from  (I  tliiough  tlie  valve  o[)ening,  which  cau  he  ad- 
justed as  (li't^irod  iit  c,  into  tlie  tuhe  bb,  and  then  into  the 
iilipfr  still  (',  from  wiii'iice  it  is  piissed  through  the  valve 
III  aiid  the  tube  uti  into  the  lower  still  A.  Steam  is  iii- 
trodiieed  thicmjih  the  steam  i)ij)e  H  into  the  still  A,  ami 
the  mash  is  there  eomiiletely  deprived  of  spirit.  Weak 
aleoholie  vajjors  are  thereby  evolvid,  as  tlie  ntasli,  as  we 
shall  see  diieetly.  has  already  been  deprived  of  aleohol  to 
a  eertaiii  extent  in  the  still  C.  The  weak  alcoholic  vaj)ors 
have  a  somewhat  higher  temperature,  and  pass  through 
tlie  tuhe  li,  which  diseharges  through  two  eurved  anus 
under  the  surface  of  the  mash  in  the  still  C,  into  the 
latter,  where  the  contents  are  iirought  to  ebullition  and 
are  jiaitly  deprived  of  sjiiiit,  as  the  teni]ieiature  of  the 
vapors  is  higher  than  the  hoiling  point  of  this  strongly 
aicolicilic  mash,  Th<^  vapors  which  have  been  enriched 
with  alcohol,  then  rise  through  the  tuhe  />  Into  the  low 
wine  chamber  /•';  the  tube  /'  for  the  introduction  of  steam 
is  jirovided  with  a  Hanged  caj)  so  that  the  vajiors  rising 
from  ('  must  foiee  their  way  through  the  contents  of  the 
eiiauibci'  /■',  thereby  bringing  the  liijuid  in  the  ehamljer  to 
ebullition  and  vapmizing  the  aleohol  it  eontaius.  The 
vapors  evolved  in  tlie  chand)ev  1'  then  rise  through  the 
double  lube  //,  II..  into  the  collecting  tube  //.  In  doing 
this  they  pass  through  tlic  jirc-licater  d',  warm  the  mash 
whicii  this  contains  so  that  it  al'lerward  enters  the  still  C 
in  a  pre-heated  condition  tlirougli  the  tube  b.  The  va])0rs 
are  jiartly  condensed  by  this  o]ieration,  flow  back  into 
the  low  wine  chamber  /■',  and  are  strengthened  by  re- 
]teate4l  distillation  in  this  manner.  The  strengthened 
alcohol  vajiors  now  pass  through  the  tube  //  into  the 
hasiiLs  J,  and  J,  of  the  ajiparatus.  These  lentil-shaped 
basins  are  inovided  with  rims  (ui  their  upper  sides,  and 
are  thus  adapted  to  receive  layers  of  water.  As  indicated 
in  the  engraving,  they  have  inserted  cone-shaped  cover's, 
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around  ■which  the  alcohol  vapors  must  pass  so  tliat  tliey 
are  cooled  by  ooutaet  with  the  surface  cooled  by  tli? 
water,  and  thus  a  part  of  the  alcohol  condenses  in  a 
weaker  condition,  ilows  back  tlirough  tubes  y?,  and  y..  into 
the  low  wine  chamber  F  to  undergo  redistillation  and 
strengthening.  From  the  first  basin  J,  the  va|)ors  jiass 
into  the  similar  basin  J~  where  they  are  again  strength- 
ened by  being  partly  condensed,  the  condensed  liquid 
passing  through  the  tube  .c/,  to  the  tube  g..  and  thus  re- 
turning to  the  low  wine  clianiber  F.  The  vapors  which 
are  thus  sufficiently  strengthened  then  i)ass  tiirough 
the  tubes  k  into  the  cooler,  and  are  here  comlensed  to 
strengthen  the  spirit.  In  this  ajiparatus  it  is  ]X)ssible,  by 
regulating  the  ([uantity  and  toiiiiterature  of  the  cooling 
water  used  in  the  basins,  to  attain  any  degree  of  strength 
in  the  alcohol;  by  means  of  the  Pistorius  device  it  is  pos- 
sible to  obtain  spirit  of  high  percentage.  As  can  Ije 
seen  from  the  above  description,  the  operation  of  the 
apparatus  is  a  jieriodic  one— that  is,  when  the  contents  of 
the  still  A  have  been  dej)nved  of  spirit,  the  still  must 
be  emptied  by  means  of  the  cock  L  and  the  contents  of 
the  still  C  allowed  to  pa.ss  into  A.  while  the  contents  of 
the  pre-heater  G  are  introduced  into  C.  Consequently 
apparatus  of  this  type  requires  constant  care  an<l  atten- 
tion, as,  naturally,  it  nmst  always  be  ascertained  when 
the  mash  in  the  still  A  is  jirojierly  deprived  of  s))irit.  It 
is  for  this  reason  that  the  introduction  of  continuously- 
working  apiiaratus  was  necessary,  in  order  to  enlarge  the 
scope  of  the  distilling  plant. 

2.— Continuous  or  Uninterrupted  Apparatus. 

Apparatus  of  tliis  type  must  be  jirovided  with  efficient 
regulating  ajiplianccs  so  that  it  is  capable  of  projier 
automatic  operation.  In  continuous  distillation  the 
]iroeess  is  briefly  as  follows:    The  fennented  mash  in  an 
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uointerrupted  stream  advances  against  a  current  of  steam. 
The  difference  in  the  temperatures  of  these  two  currents 
is  sufficient  to  effect  the  deprivation  of  the  mash  of  all 
its  alcohol,  the  spirit  passing  over  to  the  steam.  The 
steam  flius  impregnated  with  alcohol  vapor  passes  into 
the  rectifier  and  dephlegmator  device,  while  the  mash,  in 
the  form  of  spent  wash,  passes  out  of  the  apparatus.  To 
reduce  the  heat  consumption  to  a  minimum,  the  mash 
itself  is  employed  in  the  cooling  apparatus  and  the 
dephlegmator. 

A.    Apparatus  for  the  Production  of  Raw  Spirit. 

These  apparatus  are  to  be  found  in  the  majority  of 
modern  distilleries.  The  ty})e  most  widely  used  is  prob- 
ably that  dfsigned  by  Savalle,  in  France,  using  the  ar- 
rangement of  the  column  devised  by  Champounois,  and 
that  of  Oolfey  in  England.  The  general  arrangement  is 
shown  in  Fig.  (>(),  This  type  of  continuously- working, 
<'oluiim  apparatus  is  the  one  manufactured  by  many 
niiicliiue  factories. 

The  }i|)paratus  comprises  the  following  parts:  A,  the 
distilling  column;  B,  the  rectifier  column;  C,  the  con- 
centrator; D,  the  condenser  for  the  alcohol  vapors;  E,  the 
outlet  for  the  spent  wash;  and  G,  the  outlet  for  the  spirit 
The  masli  is  first  raised  by  means  of  a  pumi>  and  is  forced 
througli  tlio  tube  6'  into  the  concentrator  C,  which  is  ar- 
ranged to  act  as  a  ]>rc-heater;  the  mash  then  passes  in  a 
jire-heated  condition  through  the  tube  s,  into  the  upper- 
most of  the  eleven  chambers  of  the  mash  distilling  column 
A.  This  cohinni  A  consists  of  chambers  provided  with 
dropping  tubes,  which  i)roject  above  the  bottom  of  each 
chamber  and  have  their  lower  ends  extend  to  below  the 
level  of  the  corresponding  tube  in  the  adjacent  chamber, 
so  that  in  each  of  these  chambers  a  layer  of  mash  of  a  cer- 
tain height  remains,  while  the  direct  passage  of  the  vapor 
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through  these  tubes  is  avoided  as  the  tubes  project  into 
the  mash.  Tlie  mash  passes  in  a  constant  stream  through 
the  tube  s,,  aud  from  chamber  to  chamber  of  the  col- 
umn A  until  it  is  comiiletely  deprived  of  spirit  and 
passes  through  the  automatic  outlet  device  E.  Steam  is 
iutrndueed  Into  tlie  lowest  division  of  the  distilling  column 
through  the  piiH;  h,  aud  hereby  the  last  remnant  of  alcohol 
is  distilled  otT  from  the  mash,  which  has  previously  been 
freed  from  spirit  to  a  large  extent.  The  evolved  vapors 
pass  through  a  wide  opening  in  each  chamber  to  the  one 
above;  as  this  opening  is  provided  with  a  flanged  cap 
extending  iuto  the  mash,  the  vapors  must  force  their  way 
through  the  mash  of  each  chamber,  bringing  this  to  the 
point  of  ebullition  and  being,  in  turn,  strengthened 
thereby.  In  tliis  manner  the  steam  6ows  against  the 
current  of  the  mash  and  gradually  enriches  itself  with 
alcohol  during  its  progress.  Finally,  the  alcoholic  vapors 
pass  out  from  the  up]>ennost  chamber  of  the  mash  column 
A,  into  the  rectifier  column  B,  which,  in  the  apparatus  in 
fjuestiou,  comprises  fifteen  chambers  placed  one  above  the 
other,  and  jirovided  with  sieve-like,  jjcrforated  bottoms 
and  dro])ping  tubes.  The  alcoholic  vapor  traverses  the 
rc(;tifier  colmnn  B  and  enters  the  concentrator  C  through 
the  pij)e  tl.  The  concentrator  consists  of  a  comparatively 
large  casing  filled  with  water  and  enclosing  a  double- 
walled,  annular  vessel  which  in  turn  surrounds  a  copper 
wonn.  Tlic  fermented  mash  is  ]miii)>ed  through  the  worm 
jmd  is  liratcd  l)y  tlic  alcohol  vapors  in  the  annular  vessel, 
while  the  vapors  in  turn  are  cooled  by  the  cold  mash. 
Puring  this  jirocess  a  weakly  alcoholic  jiavt  is  condensed 
and  flows  througli  the  tube  c  into  the  uppermost  chamber 
of  the  rectifier  colunni  B,  while  the  uncondensed  alcohol 
vaj)ors  pass  into  the  condenser  D  through  the  tube  e,  and 
are  here  condensed  and  drawn  off  as  strong  spirit  through, 
the  spirit  outlet  G. 
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efficiency  of  production  in  the  apparatus,  and  has  necessi- 
tated the  manufacture  of  raw  spirit  of  as  high  a  grade  as 
possible. 

B.     The  Modern  Dephlegmator. 

The  introduction  of  the  dephlegmator  marked  a  decided 
advance  in  the  distilling  industry.  The  dephlegmator 
really  constitutes  an  improvement  of  that  part  of  the  ap- 
paratus which  effects  the  strengthening  of  the  alcohol 
vapor  arising  from  the  distilling  column.  This  operation 
was  carried  out  in  the  earlier  constructions  by  a  definite, 
regulated  co-operation  of  the  rectifier  colunm  and  the  con- 
centrator, so  that  the  alcoholic  vapors  escaping  from  the 
rectifier  column  were  condensed  in  the  concentrator  and 
were  returned  in  the  form  of  low  wine  to  the  former  where 
they  were  again  volatilized.  The  vai)or  from  the  rectifier 
column  was  strengthened  to  a  distillate  ricli  in  alcohol  by 
means  of  the  vapors  rising  from  the  distilling  column,  and 
the  strengthened  vapor  then  passed  into  the  concentrator, 
where  in  a  manner  similar  to  tlie  condensation  of  the  low 
wine  it  was  partly  condensed  against  the  cooling  walls, 
the  uncondensed  vapor  escaping  into  the  condenser.  The 
object  of  the  dephlegmator  is  to  elTect  the  condensation  of 
the  alcohol  vapors  arising  from  the  distilling  column,  as 
well  as  to  accomplish  the  revolatilization  of  the  condensed 
liquid  present  in  the  form  of  drops.  The  eftect  of  the 
strengthening  of  the  rising  spirit  vapor  accomi)lished  in 
this  manner,  is  greater  tlie  more  frecpiently  the  condensa- 
tion and  revaporation  are  carried  out  and  the  more  thor- 
oughly each  individual  i)art  of  the  si)irit  enters  into  this 
process.  It  is  for  tliis  reason  tliat  in  the  construction  of 
the  apparatus  especial  stress  is  laid  ui)on  the  effecting  of  a 
very  rapid  and  thorougli  exchange  of  heat  between  the 
alcoholic  vapors  and  the  cooling  liquid,  as  well  as  upon 
the     greatest     possible     diffusion     of     the     condensed 
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"itlilegiii,"  or  water  of  distillation.    With  this  apparatus 
it  is  jiossible  to  obtain  products  of  considerably  higher 
{Trade  than  that  yielded  by  the  foniier  condensing  appli- 
ances.    The  average 
^  strength  of  the  alcohol  pro- 

(  duced  by  distilling  appar- 

atus having  dephlegmators 
y  is  89  to  92  per  cent  by  vol- 
ume. This  fact  is  extreme- 
ly favorable  to  the  wider 
use  of  sjiirit  for  technical 
purposes,  for  heating,  light- 
ing, and  motive  power. 
Furflicrinore,  it  decreases 
the  useless  ballast  of  water 
with  wliioh  the  alcohol  is 
otlienvise  laden.  Finally, 
by  the  eliiuinatioD  of  a  site- 
C'ial  rectifying  column  and 
the  conRP(|uent  decrease  in 
the  Iieight  of  the  apiiaratus, 
tlie  latter  is  far  simpler  in 
coustruoiTon  and  presents 
less  difficulty  of  installation 
^  in  the  distiller;-  building. 
The  depblegmator  has  been 
found  efficient  and  success- 
ful  in    0])eration   wherever 

n«'iii.Ki;MAr.ni.  I"  recent  years  a  series  of 

dc]ihleginators  based  upon 
the  ]irinciple  descrllicd  alimc.  lins  liecii  designed  and 
lilnced  upon  the  market.  Tlic  fiist  of  (licse,  which  was 
thorouglily  tested  in  practice,  was  designed  by  J,  Ver- 
chow,  Gennany.     The  same  apparatus  as  constructed  by 
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Schmidt  &  Son,  Nauen,  Mecklenburg,  Gennany,  is  illus- 
trated in  Fig.  68,  Tins  ty[)e  of  flie  device  consists  main- 
ly of  three  casings  located  one  within  the  other.  The 
inner  casing  on  its  outer  side,  and  the  middle  casing  on 
hoth  its  inner  and  outer  sides  are  i)rovidcd  with  annular 
angle  flanges  riveted  in  position.  The  mash  is  pumijed 
into  the  dephlegniator  through  the  inlet  a,  and  tlows  be- 
tween the  outer  and  the  middle  casing  in  a  gradual  spiral 
path  fonned  by  the  Hanges  to  the  outlet  h,  from  which  it 
passes  through  a  pii>e  to  the  niasli  coluiim.  The  alcohol 
vapors  arising  from  tlie  mash  column  enter  the  dephleg- 
mator  at  g,  and  are  forced  to  tiow  back  and  forth  by  tlie 
flanges  upon  the  outer  side  of  the  inner  casing  and  the 
inner  side  of  the  middle  casing,  until  they  collect  in  a  low 
wine  chamber  located  at  the  ujiiier  portion  of  the  dephleg- 
niator, and  from  thence  jiass  into  the  condenser  through  a 
tube  d.  The  alcohol  vapor,  which  is  condensed,  and  the 
resulting  low  wine  pass  through  the  I'-shaped  tube  c  be- 
tween the  flanged  casings,  and  trickle  through  these  down- 
ward into  the  ujiper  ]mrt  of  the  mash  column. 

The  inner  casing  is  filled  witli  cooling  water,  which  also 
surrounds  the  low  wine  chamber  completely.  The  mash 
is  heated  by  contact  witli  the  warm  outer  wail  of  the  mid- 
dle casing,  and  at  the  same  time  C(H)1s  ofT  the  alcohol 
vajjors.  The  cooling  water  overflows  through  the  oi)en- 
ings  e.  After  the  coTii]ilction  of  the  o]>eration,  the  dejih- 
legmator  !s  emjiticd  by  drawing  off  the  water  through  the 
tube  /.  If  the  flow  of  the  nuish  should  be  retarded  by 
choking  of  the  ])assagcs  tlie  riglit-  and  left-hand  screw- 
joint,  indicated  at  //.  is  hiosened  and  the  outer  casing  is 
slipped  off.  The  two  inner  casings  are  rendered  tight 
against  the  outer  <'a.-iings  by  means  of  a  rubber  ring  at 
the  uiii)er  enil. 

Slight  differences  only  are  found  between  the  above 
described  dephlegmator  and  those  of  "VV.  Bockcnhagen, 
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This  apparatus  is  flat  and  rectangular  in  fonu,  and  has 
a  length  of  about  3  feet,  a  width  of  about  4  inches,  and  a 
height  of  about  41,^.  feet.  The  mash  enters  at  the  point 
described  as  mash  inlet  in  tbe  illustration,  and  ]iasseii 
through  the  tubes  a,  visible  in  the  cross  section.  The 
mash  gradually  passes  downward  along  a  sinuous  patli 
until  it  enters  the  distilling  column,  heated  to  about  167" 
F.  The  side  walls  of  the  dephlegmator  are  formed  of  cor- 
rugated sheet  metal  d.  The  masb  tubes  and  the  inward 
convolutions  of  the  walls  are  provided  with  longitudinal 
metal  strips  i  and  c,  soldered  in  place.  The  alcobol  vapors 
arising  from  the  distilling  column  are  forced  by  tlie  metal 
strips  to  pass  sinuously  upward  Iwtween  tlie  cold  masii 
tubes  and  the  outer  walls  whereby  the  heat  of  evai>oration 
of  the  vapors  is  largely  given  ui'  iu  liotli  dint-tions.  If 
the  vapors  are  i>ar(ly  liijucfifd  in  consciiuciicc  of  this  los,« 
iu  heat,  tlie  li<iuid  colhcts  in  drojis  ujion  the  metal  strips 
and  in  this  form  is  a^'ain  easily  volatilize<l  by  the  ascend- 
ing vajiors  and  converted  into  high  grade  viijior  which,  in 
turn,  undergoes  the  same  changes,  so  that  the  rising  va- 
I)ors  are  gradually  strcngtlKiied,  The  stn'iigtbt'niiig  pro- 
gresses so  far  that  after  the  deplilejfniiitidii  and  rectifica- 
tion has  been  completed  in  A',  a  second  part  nt'  the  ap|>ii- 
ratus  mounted  ujioii  the  true  dephlegmator  and  filled  with 
water  tubes,  the  vapors  can  escape  to  the  <'(indcnser  with 
a  strengtii  of  H\)  to  !ll  i.ei'  cent  by  volume.  All  tbe  tiiln-s 
in  the  apparatus  are  provided  witli  lockins  caps,  so  that 
when  necessary  they  can  be  removed  easily  to  be  cleaned 
with  the  cleansing  biiish  or  rod.  The  a|ipanitus  has 
already  been  introduced  into  a  large  number  of  plants, 
and  has  been  operated  successfully,  On  the  whole,  the 
introduction  of  the  dcphlepniatoi'  must  be  regarded  as  a 
]iractical  and  valnablf  a<Ivani-e  in  the  development  of  the 
apjiaratus  of  the  distilling  industry. 

The  construction,  arrangement  and  method  of  ojH'ration 
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of  tlie  distilling  apparatus  were  materially  changed  by 
liges,  who  designed  complete  and  automatic  regulating 
devices,  and  thereby  effected  a  new  form  of  distillation, 


wlierein  the  mash  is  located  not  in  a  distilling  column 
jirovided  witli  a  ))luraiity  of  clianibers  partially  filled  with 
itiasli  and  in  contact  witli  the  air,  but  is  introduced  instead 
into  a  single  continuous  cohinin.     In   Fig.  70  is  shown 
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the  arrangement  of  Ilges's  automatic  apparatus.  The 
mash  flows  from  the  mash  container  p  tlirough  the  outlet 
tube  O  into  a  funnel  which  is  mounted  on  a  scale;  the 
outflowing  current  of  the  mash  is  accurately  regulated  by 
the  movement  of  one  of  the  scale  beams.  Tlirougli  the  out- 
let o])ening  t  and  the  inlet  pipe  B,  the  inasli  enters  the 
distilling  column  A.  The  latter  is  completely  filled  with 
mash,  and  is  provided  wifli  such  arrangements  only  which 
demark  a  certain  jialh  for  the  mash. 

The  vapors  evolved  in  the  distilling  column  A  subse- 
quently pass  into  the  dephlegmator  and  concentrator  D, 
the  lower  part  of  which  contains  jiorcelain  halls.  Its  up- 
]>er  part,  on  the  other  hand,  is  jtrovidcd  with  water-tilled 
cooling  tubes,  by  means  of  which  a  partial  condensation 
of  the  weaker  vapors  and  a  consei]uent  strengthening  are 
effected.  The  condensed  liipiid  Hows  back  into  the  mash 
eolunm  and  lierp  undergoes  renewed  distillation  and 
strengthening,  while  the  strengthened  alcohol  vapors  are 
liftuefied  in  the  c(tndenser  A'.  The  removal  of  the  spent 
wash  is  acconi|ilished  by  the  outlet  regulator  C,  designed 
very  ingeniously  by  llges  -so  tliat  the  introduction  of  the 
mash  and  the  removal  of  the  sjicnt  wash  are  exactly  bal- 
anced. The  most  ini|)ortarit  ])arl  of  Ilges's  apparatus  is, 
liowever,  an  autonialie  steam  iircssure  ap|iliance  which 
regulates  the  entrance  into  the  distilling  cnlunm  of  ex- 
haust steam  or  of  live  steam  from  the  Iwiilers.  acccording 
to  the  necessity  of  the  oi)eration.  Finally,  the  ai)paratus 
is  provided  with  a  water  regulator,  wliit'h  insures  unifonn 
and  constant  jiressure  of  the  nceessaiy  cooling  water. 

C.    Appamiw  far  ihr  Piathiri'mii  of  U'lyli   Pi-rcevtagc 
Spirit  Din-cl  from  the  ila.sh. 

Ilges's  distilling  ajiparatus  has  in  recent  years  been  so 
perfected,  that  by  means  of  it  it  is  jmssihlc  to  obtain  fine 
spirit  directly  from  the  mash  without  further  rectification, 
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the  fusel  oils  being  separated  out  in  a  single  operation. 
Tlie  apparatus  in  its  perfected  forui  is  characterized  as  an 
"Autoniatic  lieetlfier  for  the  Production  of  Pure  Spirit 
Direct  from  any  Kind  of  Mash,"  and  is  said  to  yield  three 
separate  qualities  of  product:  First,  90  per  cent  of  the 
total  alcoliol  contained  in  the  mash  in  the  form  of  high- 
grade  si)irit  of  96  to  9G.5  per  cent  by  volume ;  secondly,  the 
total  fusel  oil  concentrated  to  70  per  cent;  and  lastly,  all 
the  foreshots  at  a  strength  of  over  97  per  cent  by  volume. 

The  character  and  the  composition  of  the  distilling 
liquid  largely  influence  the  method  of  operation  and  the 
yield  of  the  ai)paratus  which  produce  fine  spirit  directly 
from  the  mash.  The  efficiency  of  such  apparatus  is  de- 
pendent to  a  greater  or  less  extent  upon  the  character 
of  the  mash,  whether  the  latter  be  a  concentrated  mash 
rich  in  alcohol,  an  attenuated  mash  poor  in  spirit,  or  an 
air-yeast  wort.  In  the  last  case  the  demands  placed  upon 
the  rectifying  a|)paratus  are  decidedly  greater. 

Appiiratus  which  have  been  found  efficient  in  practice 
in  this  regard  arc;  The  continuous  distilling  and  recti- 
fying apjtaratus  based  upon  the  system  of  Guillaunie, 
tlie  low  jiressure,  mash  distilling  apparatus  of  F.  Pampe, 
(icrmany,  and  the  mash  distilling  and  rectifying  appa- 
r.Ttns  for  continuous  operation  of  Strauch,  Gennany,  pro- 
ducing tine  sjiint  directly  from  the  mash.  Apparatus  of 
this  character  hiis  recently  been  introduced  into  grain  dis- 
tilleries and  air-yeast  factories  by  Becker  Bros.,  Germany. 

V.-CLEANINQ  THE  DISTILLINO   APPARATUS. 

Distilling  apjiaratus  can  he  cleansed  by  steaming  or  in 
the  usual  manner  with  hot  water.  A  simi»ler  method  is  as 
follows : 

After  long  use,  distilling  apjiaratus  occasionally  ac- 
<[iiires  a  crust  having  a  thickness  uj)  to  '1^  Inch,  consisting 
of  hardened  mash,  grease,  sand,  yeast  cells,  husks,  etc.  To 
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causes  hcadnclie  and  giddiness  when  inhaled,  that  of  malt 
spirit  resembles  the  odor  of  sour  dough,  and  similarly 
rum,  brandy,  and  other  spirits  each  possess  a  character- 
istic aud  easily  distinguishable  smell. 

As  has  already  been  mentioned,  the  larger  or  smaller 
quantities  of  coutaiiiiuating  constituents  which  accom- 
pany the  pure  ethyl  alcohol  in  the  raw  spirit  of  distilla- 
tion are  designated  collectively  as  fusel  oils.  The  charac- 
terization is  rather  a  loose  one,  for,  chemically,  amyl  alco- 
hol is  the  only  fusel  oil.  The  impurities  in  raw  spirit 
comprise  many  other  substances  besides  amyl  alcohol, 
however,  and  these  with  their  boiling  points,  as  far  as  at 
present  established,  are  given  below: 

Water  212°     P. 

Acetaldehyde    69.8°  F. 

ProDjl    alcohol 206,6°  F. 

Isopropyl   alcohol 185°      F. 

Buryl  alcohol 239°      F. 

leohutjl  alcohol 226.4°  to  228.2°  F. 

Ethyl  acetic  ester 165.2°   F. 

Ethyl  butyric  eater 233.6°  F. 

Acetal  219.2°  F. 

laoamyl    alcohol 248°      F. 

Amyl  alcohol 269.6°  F. 

Ftirfurole 320°      F. 

To  separate  the  im]>urities  from  ethyl  alcohol  the  raw 
spiiit  is  subjected  to  fractional  distillation.  It  will  be 
reiiiombeicd  that  it  is  impossible  by  a  single  distillation 
to  elTect  the  separation  of  two  bodies  even  if  they  have 
ditTerent  boiling  points,  since  the  bodies  boiling  at  lower 
temperatures  will  always  he  mixed  with  compounds  boil- 
ing at  iiigher  temperatures,  and  rice  versa.  Therefore, 
before  a  (|uantitative  separation  of  two  bodies  is  possible 
to  a  deiinile  degree,  ivpentod  distillation  must  he  carried 
out.  In  practice,  the  repeated  distillation  is  effected  by 
condensing  tlie  vapors  in  columns  and  concentrators 
provided  in  the  rectifying  a])paratus.  The  ease  or  diffi- 
culty with  which  mingled  bodies  can  be  separated  de- 
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the  still  and  in  turn  carrying  a  concentrator.  One  of  the 
Bteaiu  coils  in  tlie  still  is  used  for  heating  purposes  during- 
tile  actual  rectification,  while  the  other,  which  is  perfor- 
ated witli  fine  boles,  is  used  to  expel  the  last  remnants  of 
spirit.  The  column  contains  36  to  42  horizontal  partitions 
uuifoniily  spaced.  Each  of  these  is  provided  with  an 
overflow  i)ii>e,  a  rim,  and  a  number  of  bell-shaped  mein- 
Ihts.  The  number  of  the  latter  dejwnds  upon  the  capacity 
of  the  aj>j)aratus.  The  operation  is  the  usual  one,  the  con- 
densed liquid  returning  to  the  still  through  the  overflow 
])ipes,  while  the  rising  vapors  are  forced  by  the  bells  to 
]iass  in  a  unifoniily  thin  layer  through  the  boiling  fluid. 
The  oonocntrafor  is  so  arranged  tliat  the  vapors  i)ass 
tliiough  it  upward  instead  of  downward.  This  operation, 
it  is  claimed,  effects  more  thorougli  purification  and  con- 
centration. For  the  purjwse  of  iirelieatiug,  the  concen- 
trator ])ipes  may  project  into  the  head  of  the  column. 

In  Paiiipe's  low  pressure  rectifying  apparatus,  illus- 
trated in  Fig.  73,  the  cylindrical  still  is  open  from  top  to 
bottom,  and  contains  a  coii  of  very  large  heating  surface. 
The  ap])aratus  is  provided  with  a  device  which  prevents 
jiortious  of  the  fluid  from  being  carried  into  the  column. 
cvoii  with  the  most  vigorous  ebullition,  and  this  assists 
in  subjecting  the  low  wine  from  the  column  to  a  surface 
rectification  before  entering  the  still.  The  construction 
of  the  roctifyiug  column  is  such  that  the  operating  pres- 
sure is  slight,  with  an  intense  mixture  of  vapor  and  fluid. 
The  efTect  of  tliis  aiTangement  is  a  decrease  in  the  con- 
sumption of  heat,  and  an  improvement  in  the  distillate. 
The  de]ilileginator  operates  ujion  the  principle  of  counter- 
current  between  steam  and  separated  low  wine,  as  well  as 
upon  counter-current  between  steam  and  cooling  water.  By 
means  of  an  intermediate  api)lianee  the  steam  entering  the 
comleuser  is  of  the  higliest  <]uality,  being  previously  freed 
from  jiarticles  of  fluid.     Tlie  apparatus  is  provided  with 
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regulating  devices  which  have  been  found  very  effective 
in  practice;  among  these  are  the  steam  regulator,  the 
cooling  water  inlet  regulator,  and  the  discharge  regn- 
lator.  The  distillate  is  discharged  from  the  condenser  in 
perfect  quiet.  This  is  assisted  by  an  open  pipe  in  the 
concentrator,  which  is  entirely  separated  from  the  dis- 
charge of  the  rectified  product. 

VIII.— SUBSTANCES  USED  FOR  THE  PURIFICATION  <H'  ALCOHOL 
DURING  RECTIFICATION. 

The  rectification  of  the  alcohol  effected  in  distilleries 
and  spirit  refineries  by  means  of  the  apparatus  described 
ahovc,  can  be  assisted  and  completed  by  other  means. 
Among  these  is.  first  of  all,  the  treatment  with  carbon,  or 
rather,  filtration  of  the  raw  spirit  through  carbon.  The 
imrifynif?  acfi<m  of  carbon,  which  is  usually  employed  in 
the  form  of  charcoal  from  bass  or  beechwood,  or  of  vege- 
tiilile  cliarcoal,  such  as  charred  peat  or  bone  black,  im- 
lirovt'M  tlie  ta.^tc  and  the  smell  of  the  spirit  which  is  treated 
flu'iewitii.  The  charcoal  should  be  as  light  and  porous  as 
]iossible.  It  is  stili  an  open  question  whether  the  effect 
of  the  charcoal  is,  as  Maercker  declares,  of  a  purely  phy- 
sical, absorptive  nature,  or  whether  it  is  due  to  the  chem- 
ical action  of  flic  carbon,  as  claimed  by  Glasenapps.  For- 
merly, the  charcoal,  when  used  for  purposes  of  alcohol 
liuiificalion,  was  added  to  the  spirit  in  a  finely  divided 
condition,  and  tlie  latter  allowed  to  stand  thus  for  twenty- 
four  hours.  Tlicu.  Ilie  spirit  was  drawn  off  from  above 
the  charcoal,  wliich  liad  settled  ujion  the  bottom  of  the 
vat.  In  nnothcr  method  the  spirit  diluted  to  from  40  to 
5(1  per  cent  was  passcnl  through  a  filter  apparatus.  This 
was  construetwl  by  introducing  a  filtering  mass  such  as  a 
layer  of  gravel,  into  the  wooden  filtering  vat  and  filling 
the  latter  with  charcoal  to  a  doi)tli  of  about  4^^  or  5  feet 
above  the  gi-avel.    This  incomidete  method,  which  is  to- 
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process  for  improving  raw  spirit,  especially  for  freeing 
foreshots  from  aldehyde.  This  depends  upon  the  treat- 
ment of  raw  spirit,  diluted  to  40  per  cent,  with  a  weak 
current  of  air  at  122°  to  140°  P.,  whereby  the  aldehyde  is 
evai^orated  after  ten  to  twelve  hours. 

IX.-ALCOHOLOMETRY,  THE  INVESTIGATION  OF  THE  SPIRIT. 

Alcoholometry,  the  investigation  of  the  alcohol  with  re- 
gard to  its  content  of  spirit,  is  carried  out  by  testing  the 
liquid  with  an  alcoholometer.  In  the  pure  state  alcohol 
at  the  standard  temperature  of  ISy^"  C.,  or  59.9°  F.,  for 
which  the  alcoholometer  is  designed,  possesses  a  specific 
gravity  of  0.71146;  the  lower  the  content  of  alcohol  in  a 
mixture  of  alcohol  and  water,  the  higher  is  the  specific 
gravity  of  the  mixture,  that  is,  tlie  nearer  does  the  specific 
giavity  approach  the  figure  1,  which  represents  the 
siiecific  gravity  of  water.  A  definite  content  of  alcohol 
in  a  mi.xfure  of  alcdiol  and  water  corresponds  to  each 
specific  gravity,  so  that  it  is  possible  to  ascertain  through 
the  determination  of  the  specific  gravity  the  exact  degree 
<if  strength  of  diluted,  but  otherwise  pure  alcohol.  The 
instrument  for  this  purpose,  the  alcoholometer,  resembles 
the  sHccliaroinefer,  with  the  exception  that  it  registers 
higlier  degrees  of  strength  the  deeper  it  sinks  into  the 
li(|uid  investigated,  while  the  saccharometer  registers  a 
higlier  sugar  content  the  less  deeply  it  is  submerged  in 
the  liquid.  Xaturally.  this  is  due  to  the  fact  that  a  higher 
specific  gravity  in  the  second  case  corresponds  to  the 
gicater  sugar  content,  while  a  lower  specific  gravity  results 
from  a  higher  content  of  ali'olio!  in  the  first. 

The  strength  of  the  alcohol  is  expressed  in  percentage 
by  volume  and  by  weight.  Volume  and  weight  percent- 
ages do  not  correspond,  because  in  mixing  water  and  al- 
cohol a  contraction  occurs.  For  instance,  if  50  gallons  of 
alcohol  are  mixed  with  50  gallons  of  water,  instead  of  ob- 
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"taining  100  gallons  of  50  per  cent  alcohol,  only  96.4  gal- 
lons of  diluted  alcohol,  in  which  there  are  50  gallons  of 
absolute  alcohol,  are  obtained,  because  of  the  contraction 
of  3.6  gallons,  which  results  from  the  mixing.  Conse- 
quently, a  mixture  of  this  character  does  not  contain  50, 
but  51.8  per  cent  by  volume  of  alcoliol.  By  weight  the 
matter  is  different.  Fifty  gallons  of  absolute  alcohol 
weigh  about  349.5  pounds,  and  50  gallons  of  water  weigh 
440  pounds,  the  total  weight  being  789.5  pounds.  The 
mixture  contains  349  pounds  of  absolute  alcohol,  which  cor- 
responds to  44.3  per  cent  by  weight.  The  first  of  tlie  ac- 
■coin])anying  tables  is  a  resume  of  the  specific  weights  of 
mixtures  of  alcohol  and  water,  as  well  as  of  the  corre- 
s]ionding  percentages  by  volume  and  by  weight.  The 
second  contains  tlie  percentages  by  volume  and  by  weight, 
according  to  Brix,  for  the  detennination  of  the  true 
strengths  of  alcohol  at  60°  C.  or  140°  F..  from  the  appar- 
ent strengths  as  indicated  by  the  alcoholometer  at  differ- 
ent degrees  of  tetn|)evatnre.  The  ap])arent  strength  of 
alcohol  is  tlie  reading  of  Iho  alcoholometer  at  a  tem]tcrature 
deviating  from  the  normal  temperature  of  the  instrument, 
while  the  true  sfrengtli  is  the  corresjioiiding  one  at  the 
normal  or  standard  temperature.  The  table  is  used  as 
follows:  The  line  at  the  to))  of  tlic  table  rejiresents  the 
actual  readings,  and  the  true  strength  is  ascertained  from 
the  column  under  the  iictnal  reading,  corresjionding  to  the 
jictual  temperature  given  in  tlie  first  two  vertical  columns* 
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PART    XII. 

THE  ARRANQEMENT  OF  THE  DISTILLERY. 

THE  architectural  arrangement  of  the  distillery  must 
in  eveiy  detail  take  into  consideration  the  exist- 
ing local  conditions,  and  due  attention  must  be 
given  all  these  conditions  in  the  installation  of  tlie  plant. 
In  choosing  the  location  of  the  distillery,  consideration 
must  be  given  the  other  fann  buildings,  especially  the 
cattle  stables,  as  well  as  the  facilities  for  bringing  the  raw 
material  to  the  plant  and  for  removing  the  products. 
Furthermore,  the  conditions  governing  the  water  supply, 
e8|)ecially  the  jKissibiiity  of  obtaining  sufficient  quanti- 
fies of  pure  water,  and  the  removal  of  the  refuse  wafer 
arising  during  the  operations  are  of  importance  in  govern- 
ing the  choice  of  the  location.  Sometimes,  the  simultane- 
ous installation  or  the  existence  of  other  features,  such  as 
the  dairj',  thrashing  niacliino,  grist  mill,  or  electric  jiower 
plant,  must  be  taken  into  account.  Frequently,  it  is  neces- 
sarj-  to  supply  the  living  iiousc  and  the  fann  buildings 
with  wafer  from  tlie  distillciy.  For  the  jiiant  itself  the 
following  points  sliouhl  be  noted: 

The  malt  cellar  must  not  be  too  small,  as  in  tJie  jire- 
paration  of  long  malt  it  is  necessaiy  to  allow  for  a  ger- 
minating period  of  twenty  days.  For  each  thousand  gal- 
lons of  mashing  ca|)acity  tlie  malting  floor  sliould  iiave  an 
area  of  at  least  %  square  yards.  A  distillery  designed  for 
a  mashing  ca})acify  of  three  times  750  gallons,  therefore, 
must  be  provided  with  a  malting  floor  of  at  least  210, 
though  preferably  '240  square  yards.  The  malting  floor 
should  l»e  built  in  the  c<'llav,  4i  ^  to  (!  feet  below  the  surface 
of  the  earth,  an<l  the  same  cellar  floor  should  preferably 
also  contain  the  spirit  vaults.     In  general,   these  must 
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be  of  such  size  that  a  spirit  collecting  vessel  of  a  capacity 
diual  to  that  of  a  railroad  car  lading  can  be  erected  therein, 
while  5(10  gallons  are  neeessary  as  a  reserve. 

For  setting  up  the  decimal  scale,  and  for  the  uses  of 
the  Kevenue  Ue])artment  an  area  of  about  35  square  yards 
tfhould  further  be  provided  in  a  plant  of  the  size  men- 
tioned alwve.  The  fermenting  room  should  preferably 
not  be  located  below  the  surface  of  the  earth,  as  with  the 
present  facilities  for  artiticial  heat  regulation  the  ques- 
tion of  a  uniform  temperature  is  no  longer  so  difficult 
a  one.  In  winter  the  fennenting  room  can  be  wanned,  if 
necessary,  by  means  of  heating  apparatus.  Furthermore, 
movable  vat  cooling  devices,  in  which  either  cold  or  warm 
water  can  be  used  in  the  cooling  coils,  provide  convenient 
means  for  obtaining  the  desired  temperature  in  the  fer- 
menting vatfi.  Hesides  the  fermenting  room,  tlie  first  floor 
should  contain  the  yeast  chamber,  the  engine  room,  the 
vestibule  with  the  staircase,  and  if  possible,  a  room  for  the 
levcnuc  officials,  which  can  be  utilized  at  the  same  time  as 
a  laboratory.  The  fennenting  room  re<iuires  a  floor  space 
of  rj.5  X  7.5  =  SKJ.7  square  yards  for  setting  up  ten 
vats  t'acli  of  751)  gallons  capacity,  allowing  sufficient  room 
about  each  vat  to  insure  accessibility.  The  yeast  chamber  is 
large  cnougli  if  it  jjossessps  a  floor  space  of  6  X  3.3  = 
l!t.S  .s(iuaie  yards.  In  the  yeast  cliamlwr  there  should  be 
])rovi<lc(l  a  special  beating  chamber  to  receive  the  yeast 
vessels  during  .souring;  tlie  latter  should  be  mounted  upon 
rollers  so  that  they  can  be  moved  easily  from  place  to 
)ilace.  It  must  bo  ])Ossible  to  maintain  the  temperature 
in  the  heating  chamber  between  S(i°  and  104°  F.,  by  means 
of  healing  apparatus  which  can  utilize  the  exhaust  steam. 
Tlie  entrance,  with  tlio  staircase  and  the  apace  for  the 
barley  stecjiing  vats,  comprises  about  20  s()uare  yards. 

The  engine  room  should  jn-efernbly  be  square,  of  suf- 
ficient size  and  well  lighted;  it  should  have  a  floor  area 
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■of  11  X  9  ^99  square  yards.  The  boiler  room  should  be 
located  at  the  gable  end  of  the  building,  the  potato  cellar 
.at  the  rear,  adjacent  to  a  longitudinal  side.  A  ground 
area  of  95  to  110  square  yards  is  necessary  for  the  lat- 
ter, 80  that  with  a  height  of  4.5  feet  about  1,000  hundred- 
weight of  potatoes  can  be  stored  in  it.  The  llenze  appar- 
atus tower  should  rise  above  the  potato  cellar  to  about 
the  height  of  the  distillery  roof.  The  yeast  room  should 
have  one  longitudinal  wall  adjacent  to  the  wann  boiler 
room,  and  should  be  provided  with  but  one  narrow  exter- 
nal wall,  having  a  single  window.  The  boiler  room  should 
be  so  arranged  that  the  iireman,  besides  attending  to  the 
boilers,  can  take  charge  of  the  distilling  apparatus  or  the 
potato  washer,  as  well.  If  a  vehicle  scale  is  necessary'  for 
the  weighing  of  the  potatoes  furnished  to  the  distillery, 
as  in  a  central  or  communal  ])lant,  it  should  preferably  be 
located  near  the  engine  room,  so  that  the  manager  can 
jittend  to  tlie  weighing  without  leaving  the  distiller^-.  The 
dwelling  of  the  sujierintendent  of  the  plant  should,  if 
jiossible,  be  located  in  the  distiileiy  building. 


PART  XIII. 

THE    SPENT    WASH. 

AFTER  the  aloohol  bas  been  distilled  off,  the  spent 
wash  remains,  together  with  all  the  constituents 
of  the  mashing  mw  material  not  attacked  by  the 
funnentative  action,  and  the  non-volatile  products  of  the 
fermentation.  By  far  the  greater  part  of  the  wash  con- 
sists of  water.  The  maximum  limit  for  the  water  con- 
tent lies  between  92  and  95  per  cent.  Allowance  must  be 
made  for  this  fact  in  using  wash  as  fodder,  in  order  to 
insure  tliat  the  animals  are  provided  with  sufficient  quan- 
tities of  nutritive  substances.  The  composition  of  the 
wash  varies  considerably;  it  depends  upon  the  quantity, 
kind  and  composition  of  the  mashing  materials,  upon  the 
methods  of  0]>eration  and  the  efficiency  of  the  distilling 
appliances.  According  to  Dietrich  and  Konig,  average 
figures  for  the  composition  of  various  kinds  of  washes  are 
as  follows : 

Potato  Wash.  Rye  Wash.  Corn  Waalu 

Wiitcr    94.30  92.20  91.32 

Kiiw    i.roleiii 1.15  1.69  1.98 

Fiire    i.rotoin 0,80  1.36  1.91 

Fiit    0.10  0.45  0.93 

Non-nllrogenou8     extractive     siib- 

stani'es    3.1S  4.5C  4.48 

Fibers    n.iiri  0.66  0.83 

Ash  0.67  0.41  0.46 

Besides  watpr  tlie  wash  contains: 

1.  Thi'  nit  I  iif)f  1101(6  cuHstitueiits  of  the  mashing  raio 
VKitrriiil.  In  jiotato  mashes  tlie  greater  part  of  these,  that 
is.  iil)out  Thi  per  cent,  comjirisea  allmminous  substances, 
while  about  4.^  }>er  cent  consists  of  amides  (asparagin). 
The  asparagin,  it  will  be  remembered,  is  also  available  as 
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an  excellent  nntritire  sabi^lance  for  the  yeast,  and  in  this 
utilization  it  is  largely  c-onverted  into  ^aeiW  digestible 
atbuminoas  sabstanees.  It  inay  be  assumed  that  in  i-on- 
sequenee  of  this  transforiiialioD  of  the  asfiaragin  into  al- 
buminous substance?.  tLe  vaifh  '-^mtaiu!^  for  eacli  ]'">  ]iart$ 
of  nitrogenous  constituents  a^*out  7<>  to  75  |>arts  of  albu- 
ininoos  substances,  and  only  about  'J"  to  '2b  jiarts  of 
amides.  As  the  nutritive  value  of  the  albuminous  sub- 
stances is  considerably  bipber  than  that  of  the  amides,  the 
increase  in  albuminous  subslan<-es  through  fermentation 
improves  the  degrf*  of  tbe  f'xj']  value  of  the  wai-h.  In 
grain  and  com  washes  the  ((uautity  of  the  nitrogenous 
forms  of  lesser  nutritive  value  is  considprably  smaller 
than  in  potato  wash.  AccordiuK  to  Morgan  I't"  i»arts  of 
the  nitrogenous  cons-tituenli-  of  <-«jm  or  rj'e  wasli  cfjinprise 
94.2  parts  of  albumen  and  .j^  of  non-albuminous  sub- 
stance, while  I'K)  paiti-  of  the  jfame  wnstituents  in  rye 
wash  possess  similar  proit'^rtioni-  of  ^".1  and  lU.U.  The 
digestibility  of  the  nitrogenous  constituents  in  all  washes 
is  high.  Of  liKi  pails  of  the  nitrogen  of  the  wash  from 
com  and  rye,  ^'l.'j  iiaiis  are  ditr^-stible.  of  rye  wash  "^U.'l, 
of  com  wash  W.l.  and  of  potato  wasli  >^'2.o. 

2.  Tlie  iat:<  of  iU--.  n'-i.^liinf)  nni  mnt<i'ml.  Tliese  are 
not  attacked  by  the  iV-niii'iitation  and  enter  the  wash  un- 
changed. Furtlicnnoit-.  ihf  yeast  ruiiverts  cerlaiu  nutri- 
tive substances  in  tin-  irjasli  into  fat. 

3.  V nffnii'-iii'-'l  '-<i ,  h'.h  'III I  oil .'.  Kvt'n  the  most  vicornus 
fermentation  never  jirrif;i<sst's  to  cnmpletioii :  n-rtain 
small  quantities  of  tlic  carlmliydiates.  i-onsisting  of  mal- 
tose and.  more  largely,  nf  dextrin-^,  always  lomfiin  partly 
unfennented.  Tin-  dtxtiins,  Imwevci,  can  also  be  t-asily 
digested  and  tak-n  up  by  xU-  aiiiinai  orsanisin.  and  uiiwf. 
therefore.  Ije  cm  n  side  led  valuable  uutritivc  snbstam-- s. 

4.  Tlie  noii-nitroficnoHs  cinistitnents  nf  the  itia-hing 
raw  materials,  wliieli  are  incapahle  <d'  feniientation.  in 
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eluding  varieties  of  gum  (pentosanes),  also  nsefnl  as  nu- 
tritive material,  enter  the  wash  unaltered. 

5.  The  woody  fibers  and  the  mineral  substances  are 
also  found  unchanged  in  the  wash.  The  latter  comprise 
cliietly  potassie  salts  and  phosphoric  acid,  combinations; 
the  lime  so  necessary  for  tlie  nourishment  and  develop- 
ment of  animals,  on  the  other  band,  is  found  in  but  small 
quantities  in  the  wash  and  should,  therefore,  be  provided 
in  supplementary  fodders. 

G,  liesides  this,  glycerine  and  certain  quantities  of 
acids  appear  in  the  wash,  among  them  particularly  lactic 
acid  and  succinic  acid,  as  by-products  of  the  fermenta- 
tion. Little  was  known  with  regard  to  their  nutritive 
value  for  a  long  time;  lately,  however,  the  opinion  has 
been  gaining  ground  that  these  by-products  of  the  fermen- 
tation have  a  stimulating  action  upon  the  digestion,  so 
that  the  wash  because  of  the  ap])oarance  of  these  very  sub- 
stances jiosscsaes  a  comparatively  higher  value  especially 
for  feeding  daiiy  cattle,  than  other  fodders  of  similar  com- 
position. 

Tile  relative  nutritive  values  of  nitrogenous  and  non- 
uitrogcnous  substances  is  the  cause  of  the  comparatively 
greater  Imiiortance  of  the  fonner  in  the  wash,  as  for  each 
l)art  of  nitrogenous  substance,  but  21/.  to  3  parts  of  non- 
nitrogenous  are  present.  In  feeding  large  quantities  it  is 
unavoidable  that  the  rations  become  relatively  rich  in 
nitrogen,  and  it  is  to  be  recommended  that  materials  which 
influence  this  relation  in  favor  of  the  non-nitrogenous  sub- 
stances be  used  for  additional  fodder.  Such  material  is 
found  in  the  non-nitrogenous  fodders  rich  in  carbohy- 
drates. 

Experience  has  shown  that  wash  is  particularly  adapted 
for  the  stimulation  of  milk  jiroduction,  probably  because 
of  the  presence  of  the  by-products  of  fermentation  men- 
tioned above.     Furthennore,  it  is  well  suited  to  the  fat- 
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teoing  of  cattle,  chiefly  of  beeves,  tliougb  sheep,  which  are 
accustomed  to  fodder  containing  less  water,  do  aot  a|>i)ear 
to  thrive  so  well  when  fed  on  wash.  Consequently,  it 
should  be  used  primarily  for  the  feeding  of  dain-  cattle 
and  the  fattening  of  beeves. 

It  is  of  the  greatest  importance  that  the  wash  be  fed  to 
the  animals  io  a  wann  condition,  under  certain  circum- 
stances cooked  thoroughly  under  pressure  beforehand; 
for  otherwise,  an  unjileasant  sickness,  wash  malandei-s, 
may  api>ear,  esi>ecially  if  the  feniientation  of  the  mash 
was  a  poor  one.  In  cohmm  distilling  apparatus  tlie  cook- 
ing is  not  always  suffi<'iently  carried  out;  in  this  case  it  is 
advisable  subsefjuentiy  to  c^wk  this  wash  under  pressure  in 
the  montejus.  It  is  I)est  to  introduri'  a  steam  pipe  into 
tlie  wash  container  to  retard  cocdins  to  temperatures 
favorable  to  the  development  of  injurious  schizomycetes, 
and  to  be  able  to  introduce  tlic  wash  into  the  feeding 
mangers  at  the  liiKlu'st  possible  temperature.  With  the 
obaeiTance  of  the.'^e  regulations,  tlie  wash  is  not  only  a 
safe  food,  but  even  an  oxtremtly  healthful  one  if  certain 
limitations  in  the  size  of  tlie  rations  are  oI)seiTe4l,  in 
order  not  to  burden  the  animal  organism  with  too  large  a 
i|uantity  of  water.  It  lias  been  sliown  tliat  the  fceil  per 
head  of  large  cattle  sliould  lie  about  as  follows:  For  fat- 
tening beeves,  at  tlic  most  17'  o  to  ISi  ^  gallons,  iiret'crably 
10  to  17' 2  gallons,  and  for  dairy  cattle  at  the  most  15,  and 
preferably  10  to  lli' ^  gallons  of  wasli. 

Sheep  should  not  1h'  fed  more  than  1  to  V  \  gallons  of 
wash  per  head,  I'iirticular  care  should  lie  exercisi'd  in 
feeding  wash  to  young  ciittle  and  licaiing  cows.  The  in- 
jurious action  of"  in.jiidi»'ii)us  wash  feeding  in  tlic  latter 
case  appears  frequently  in  the  dying  of  the  calves,  fol- 
lowed by  the  great  (lci'n'a.>se  in  the  dairy  value  of  cows  fed 
with  wash.  In  large  industrial  distilleries  where  it  is 
not  jiossible  to  feed  tlie  wash  to  cattle  in  a  fresh  condition, 
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"dry  wash"  is  produced  by  drying  out  the  water  from 
the  same.  The  following  table  gives  the  composition  of 
dry  wash  from  rye  and  com  respectively: 

Per  cent.  Per  cent. 

Water    10.60  9.40 

Raw  protein  23.10  23.21 

Pure  protein 19.76  22.29 

Fat    6.10  8.63 

Non-nitrogenous  eictractive  Bubetancee 42.70  46.03 

Fibers  10.20  9.31 

Ash    7.30  4.42 

This  dry  wash,  especially  that  prepared  from  com,  thus 
provides  an  excellent  and  powerful  fodder,  with  a  protein 
content  of  23  to  24  per  t'ent  and  a  fat  content  of  6  to  81/3 
per  cent,  and  almost  approaches  the  composition  of  oil 
cake,  in  jtlace  of  which,  as  a  fodder,  it  is  often  employed. 


PART   XIV. 

THE  DENATURINQ  OF  ALCOHOL. 
l^THE  PURPOSE  OP  DENATURING. 

DISTILLED  gpirits  when  used  as  a  beverage  have 
been  continuously  subject  to  taxation  in  this 
countrj'  since  1861.  Tlie  revenue  derived  there- 
from has  been  enormous,  and  tlie  continuance  of  the  tax 
has  been  a  matter  of  necessity,  especially  since  it  is  a  just 
one. 

But  on  the  other  hand  the  tax  and  the  consequent  high 
price  of  alcohol  have  hindered  its  proi)er  use  in  the  arts 
and  manufactures,  and  in  this  resiwct  the  tax  lias  been  un- 
necessary and  unjust.  It  has,  nevertlieless,  been  continued 
because  of  the  erroneous  su]ii)osition  that  it  was  impos- 
sible to  legislate  so  as  to  retain  the  necessapr'  revenue- 
bearing  tax  on  spirituous  l)everages  witliout  serious  danger 
of  fraud  and  reduction  of  revenue,  caused  by  the  illicit 
direct  use  as  a  Iteverage  of  tax-free  alcohol,  or  of  that 
recovered  from  articles  in  wliich  it  would  be  lawfully  and 
fairly  used  duty  free. 

It  is  to  overcome  this  difficulty  tliat  Congress  by  act  of 
June  7,  190(J,  provided  for  the  witlitlrawal  from  bond  of 
tax-free  alcohol,  which  had  been  mixed  with  suitable  ma- 
terials to  destroy  Its  character  as  a  beverage,  such  pro- 
cess being  known  as  dcnaturizing.  or  deuaturing  as  it 
is  to  be  called  in  this  countn.'. 

In  order  to  make  tliis  a<'t  effective,  certain  "Kegula- 
tions  and  Instructions  Concerning  Denatuied  Alcohol" 
have  been  j)repaic(i  by  the  Commissionei-  of  Internal  Rev- 
enue, acting  under  instructions  from  Congress,  which  am 
given  intact  in  the  appendix  of  this  hook.  There  follows 
here  the  sections  describing  the  denaturing  agents,  and 
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for  sake  of  coiiii^arison  and  suggestion,  a  synopsis  of  those 
used  in  other  countries. 

ll.-DENATURlNa    REQULATIONS. 
1.- United  States. 

a.    Completely  Denatured  Alcohol. 

"Sec.  26.  Unless  otherwise  especially  provided,  the 
agents  used  for  denaturing  alcohol  withdrawn  from  boiid 
for  denaturing  purposes  sliali  consist  of  methyl  alcohol  and 
benzine  in  the  following  proportions ;  To  every  one  hun- 
dred jjarts  by  volume  of  ethyl  alcohol  of  the  desired  proof 
(not  less  than  180°)  tbere  shall  be  ten  parts  by  volume  of 
approved  methyl  alcoliol  and  one-half  of  one  part  by  vol- 
ume of  ajiprovcd  benzine;  for  example,  to  every  100  gal- 
lons of  ethyl  alcohol  (of  not  less  than  180  degrees  proof) 
tlif-rc  shall  he  added  10  gallons  of  aj»proved  methyl  al 
cohol  and  ii.  gallon  of  approved  benzine.  Alcohol  tlu:s 
denatured  shall  be  classed  as  completely  denatured  al- 
cohol. 

"Methyl  alcohol  and  lienzine  intended  for  use  as  dena- 
tUTantp  Tuust  he  submitted  for  chemical  test  and  must  con- 
i'orm  U)  the  sjteeificatious  wlncb  shall  be  hereafter  duly 
prescribed." 

b.     Spi'ddl  Detiaturants. 

"Sec.  79.  As  the  agents  adapted  to  and  adopted  for  use 
in  coinpk'te  denatuiation  render  the  alcohol  denatured  un- 
fit for  use  in  many  industries  in  which  ethyl  alcohol,  with- 
drawn free  of  tax,  can  be  ]irofital)]y  employed,  therefore, 
in  Older  to  give  full  scope  to  the  o]>eration  of  the  law, 
special  denaturants  will  be  authorized  when  absolutely 
necessaiy.  Yet  the  strictest  surveillance  must  be  exercised 
In  the  handling  of  alcohol  incom])lefely  or  si>ecially  de- 
natured." 

"Sec.  80.  The  C'ommissioner  of  Internal  Kevenoe  will 
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consider  any  formula  for  sfiec-ial  denaturation  that  may  be 
submitted  by  any  iiiaDufacturer  in  any  art  or  industry  and 
will  determine  (1)  vhetlier  or  not  the  manufacture  in 
which  it  is  pro|>o8ed  to  use  the  alcohol  belongs  to  a  class 
in  which  tax-free  alcohol  withdrawn  under  the  pro%'isions 
of  this  act  can  be  used,  ('-*  i  whether  or  not  it  is  practicable 
to  i>enuit  the  use  of  the  proi>osed  denaturant  and  at  the 
same  time  properly  safeguard  the  revenue.  IJut  one  s|>c- 
cial  denaturant  will  l>e  authorized  for  the  same  class  of 
industries,  unless  it  shall  1k>  shown  that  there  is  good 
reason  for  additional  siiecial  denaturants. 

"The  Commissioner  will  announce  from  time  to  time 
the  fonnulas  of  denatunuits  that  will  be  pennitte<l  in  tlie 
several  classes  of  industries  in  which  tax-free  alcohol  can 
()e  used." 


a.    Com  {ill  I  •■  l><iiiUuniig. 

1.  An  admixture  with  every  liHi  parts  by  volume  of 
s])irit  of  2'^  part.s  of  a  mixture  containing  4  parts  of 
wood  naphtha  and  1  p:nt  of  jn-ridine  bases.  (To  this 
mixture  (I.UIHirj  jjart  nl"  lavender  or  roi-emary  oil  may  be 
added  optionally  to  eoimtciact  tlie  smell  of  the  pyridine 
bases.  But  the  addition  is  seMoiii  made.)  Spirit  thus 
denatured  is  what  i.-;  used  for  doiiie.-Jtie  purposes— heating, 
lighting  and  cookiiiK-  It  is  seldom  used  for  industrial 
purjioses.  The  only  Jlurpf^s(^  of  tliat  kind  for  which  its 
employment  is  con.siderable  is  the  manufacture  of  cheap 
varnish. 

2.  An  atbnixture  with  the  spirit  of  half  the  quantity- 
(viz.,  IV,,  parts  per  IHO  parts  of  spirit)  of  the  alxivc  dena- 
turing mixture,  together  with  an  addition  of  one-fourth 
part  of  a  solution  of  mciliyl  violet  dye  and  of  henzeiie  in 
quantities  that  may  range  from  2  to  20  jmrts  to  eveiy  li"' 
parts  of  spirit. 
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6.     Incomplete  Denaiuring. 

The  addition  to  every  100  parts  of  spirit  of  either  5 
parts  of  ■wood  naphtha  or  Y_,  part  of  pyridine  bases. 

c.     Special  Denatarants. 

The  quantities  of  the  denaturing  agents  referred  to  be- 
low are  to  be  added  to  each  100  parts  of  alcohol. 

1.  For  the  jiroduction  of  brewers'  varnish  and  sim- 
ilar substances :  '10  parts  by  volume  of  a  shellac  solution, 
which  is  made  by  adding  1  part  by  weight  of  shellac  to  2 
parts  by  weight  of  spirit  of  at  least  90  degrees,  are  added 
to  the  sjtirit 

In  tliis  case  the  alcohol  in  the  shellac  solution,  if  made 
under  official  siiiiervision,  is  also  allowed  exemption  from 
duty. 

2.  For  the  })roducfIon  of  celluloid  and  pegamoid:  80 
l)ai1s  by  weight  of  caaiphor,  or  2  parts  of  turpentine  or  V3 
part  of  benzene,  both  by  volume, 

o.  F(M-  the  production  of  the  following  substances: 
(a)  Ether,  ordinan.'  (with  certain  limitations  and  regu- 
lations as  to  sale  and  use) ;  (b)  ethyl  sulphuric  salts;  (c) 
agariein.  podoi)hyllin,  scammony,  guiacum  and  jalap 
resins,  as  well  as  other  resins  and  gum  resins;  (d)  alde- 
hyde and  paraldehyde;  (e)  white  lead  and  acetated  lead; 
(f)  ethyl  chloride,  bromide  and  iodide;  (g)  photographic 
paper  and  dry  plates,  and  emulsions  of  chloride,  bromide 
and  iodide  of  silver  and  similar  preparations;  (h)  chloral 
hydrate;  (i)  electrodes  for  electric  storage  batteries;  (j) 
acetic  etlier  (with  cerlain  limitations  as  to  sale  and  use); 
(k)  glncosides;  (1)  nihber  preparations;  (m)  collodion, 
and  broniide,  chloride  and  iodide  of  silver  emulsions  of 
collodion;  (n)  jjancreatin,  alkaloids,  santonin,  tannin,  and 
salicylic  acid  and  its  salts;  (o)  coal  tar  colors,  including 
substances  used  in  obtaining  tlieui,  and  intermediate  pro- 
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ducts;  (p)  chemical  preparations  (not  otherwise  named) 
■which  do  not  retain  any  spirit  when  finished  (except  for- 
mic ether  and  valerianic  ether  and  butyric  ether) :  10 
jjarts  of  sulphuric  ether,  or  1  part  of  benzene,  or  y..  part  of 
turpentine,  or  0.025  part  animal  oil,  all  by  volume. 

Collodion  for  sale  must  contain  at  least  1-100  of  its 
■weight  of  gun-cotton. 

4.  For  the  preparation  of  chloroform :  0.003  j)art  by 
weight  of  chloroform. 

5.  For  the  production  of  vinegar:  Two  hundred  parts 
by  volume  of  vinegar  containing  3  per  cent  acetic  acid, 
or  150  parts  vinegar  containing  4  per  cent  acetic  acid,  or 
100  parts  vinegar  containing  6  per  cent  acetic  acid  and 
1(X)  parts  of  water  and  so  on ;  or  50  parts  vinegar  contain- 
ing 12  per  cent  acetic  acid  and  100  parts  of  water;  or  30 
parts  vinegar  containing  6  per  cent  acetic  acid  and  70 
parts  of  water,  and  100  parts  of  water. 

Any  excess  of  the  quantity  of  acetic  acid  in  the  vine- 
gar mixture  or  of  the  sjiirit  is  to  be  allowed  for,  and 
the  water  may  be  replaced  entirely  or  in  part  by  an  equal 
quantity  of  beer,  glattwasser,  or  natural  wine, 

(>.  For  making  inks,  sealing  wax  and  stamping  inks: 
0.5  part  bv  volume  of  turi>entine,  or  0.025  part  of  animal 
oil. 

7.  For  making  bedstead  enamels  and  brewers'  vaniish, 
as  well  as  for  use  in  incandescent  lamps,  for  finishing  silk 
ribbons  and  for  cleansing  jeweliy,  etc.:  Five-tenths  part 
of  turpentine. 

8.  For  making  iodoform  :  Ki.Wtl  jiart  by  weight  of  iodo- 
form. 

The  iodoform  may  he  dissolved  in  part  of  the  spirit,  and 
tlie  solution  then  added  to  llie  n^inainder  <if  the  spirit. 

*(.  For  vaniishes  and  polishes  of  all  kinds:  Two  parts 
by  volume  of  wood  sjiirit  and  2  parts  petroleum  Iwnzine, 
or  0.5  part  of  turpentine. 
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PolIshcB  and  varnishes  not  for  use  in  the  works  of  the 
makers,  but  for  sale,  must  contain  at  least  1-10  part  of 
their  weight  of  shellac  or  other  resin. 

10.  For  preparing  medical,  botanical  and  zoological 
preparations  for  educational  purposes:  One  part  (com- 
mercially pure)  methyl  alcohol,  and  1  part  petroleum 
benzine. 

11.  Soap  making:  1'^  parts  by  weight  of  castor  oil 
and  (Mil*;)  j)art  of  soda  solution. 

The  denaturing  materials  may  be  dissolved  by  heating 
in  part  of  the  spirit,  and  the  solution  then  added  to  the 
remainder  of  the  spirit. 

12.  For  the  production  of  wool  fat  (lanolin):  Five 
parts  by  volume  of  petroleum  benzine. 

3 — England. 

a.     Cotnplcie  Dfiidturing. 

Completely  denatured  alcohol  is  known  as  "mineralized 
mctliylufod  spirit"  and  it  is  oiily  in  this  spirit  that  re- 
tailors me  pennitted  to  deal.  It  is  made  by  adding  to  !> 
parts  of  grain  alcohol  (which  must  be  at  least  30  per  cent 
aliove  ]>roofl  1  part  of  wood  naphtha.  To  this  mixture 
is  added  0.375  per  cent  of  mineral  naphtha  (petroleum). 

h.     iHcomplcic  Denaturing. 

This  is  known  as  ordinary  mothykited  spirits,  and  can 
l)e  purchased  only  for  manufacturing  o]»eration8  and  from 
a  inctliylntor.  Tt  consists  of  9  jiarts  of  grain  alcohol  to  1 
of  mineral  naphtha  as  above. 

c.     S-pccial  Dciini II rants. 

Special  processes  a])propiiate  to  particular  indnstries 
and  api)roved  by  the  Board  of  Inland  Kevenue. 
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a.    Complete  Denaturing, 

The  official  denaturant  at  the  present  time  is  10  parts 
of  methyl  spirit  and  0.5  part  of  standard  benzine,  which 
are  to  be  added  to  every  100  parts  of  grain  alcohol.  This 
latter  must  test  at  least  90  degrees  strength  and  not  con- 
tain more  than  10  per  cent  of  essential  oils,  amy!  alcohol, 
etc.  The  methyl  spirit  must  test  90  alcoholometric  degrees 
and  must  contain  25  per  cent  of  acetone  and  5  per  cent 
l>yroIigneous  impurities  which  impart  a  pungent  smoky 
odor  to  the  spirits.  The  standard  benzine  is  a  distillate 
from  coal  tar  coming  over  between  300°  and  .S25°  F. 
Therefore,  it  is  a  complex  body,  but  is  always  of  about  the 
same  composition. 

b.     Incomplete  Denaiuring. 

Under  this  head  may  be  classed  the  so-called  carbureted 
alcohol,  which  is  now  used  extensively  for  internal  combus- 
tion motors.  In  this,  30  to  50  per  cent  of  benzine  is  mixed 
with  grain  alcohol,  whirb  mixture  is  found  to  give  the 
best  results  in  automobiles,  small  motors,  etc. 

c.     Special  Di-uaiiira<uts. 

1.     Varnishes  and  Di/e»  iTinrlures)  {or  Varnitttet. 

Mix  with  alcohol  of  90'  or  almve,  at  the  temperature  of 
150°  F,  (without  coiTfction),  15  per  cent  of  methyl  spirit 
conformable  to  the  reprulation  type. 

2.    Alcokoli  for  the  I'lanfi'almn  <ir  for  the  Finithini/  of  Vornf«fte«. 

Mix  with  the  alcohol  of  a  strength  e<iual  or  superior  to 
90°,  15  per  cent  <.f  icfinlation  methyl  spirit  and  4  ]ter  cent 
at  least  of  resin  or  of  giun  resin. 
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S.    Inaeot  Destroyer. 


Mix  with  alcohol  15  per  cent  of  methyl  spirit  The 
product  of  the  mixture  shall  be  transformed  on  the  place 
into  a  finished  product. 

i-    Simple  or  Compound  £thera. 

Make  an  intimate  mixture  of  the  alcohol  to  be  methyl- 
ated with  10  per  cent  of  its  volume  of  residae  of  ether. 

5.  Bromhydric  Ether. 

Mix  7.5  parts  by  volume  of  spirit  of  93'  with  8.5  parts 
of  sulphuric  acid  of  6G°  and  0.015  part  of  bromine,  with 
allowance  to  modify  this  iiroporticm  to  the  extent  of  10  io 
15  percent. 

6.  Hydriotiic  Ether. 

Jlix  5  parts  by  weight  of  sjiirit  at  96°,  4  parts  of  iodine, 
and  0.8  part  of  amor])lious  phosphorus. 

7.  Elhylate  of  Soda. 

Mix  C.3  parts  by  weight  of  absolute  alcohol  and  0.5  part 
of  sodium. 

S,    XHric  Ether. 

Mix  one  part  by  weight  of  nitric  acid  of  36°  and  four 

parts  of  alcohol  of  !)(r. 

!K     Chlorhydric  Ether  and  Derivatives. 

Jlix  ecjual  weights  of  alcohol  of  96°  and  hydrochloric 
acid  of  '2V. 

in.    Alilehyde. 

Mix  with  alcohol  of  whatever  decree  10  per  cent  of  sul- 
pliuric  acid  of  Oli"  Baunie,  or  20  per  cent  sulphuric  acid  of 
.")4°.  taking  caio  that  the  tciniieratme  of  the  mixture  be 
brouglit  u])  to  176°  F.  during  the  longest  time  that  it  will 
be  possible  for  tlie  officials  to  give  to  it 
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Pour  the  mlstare  over  bichromate  of  {mtassinm  (whioli 
shoald  be  exclusively  employed  as  oxidant  \  nftt^r  tiio  ris 
Ing  of  the  temperature  which  is  produced  has  coiiiplotoly 
ceased. 

II.    Alcohol*  for  t\e  Ct  of  Dyera  or  of  Manufaeturm  of  Colurt,  ttm4 
ilethi/lated  by  Thete  Trailexmrn. 

Add  to  the  alcohol  15  per  cent  of  its  vohinio  of  im»1liy 
lene  confonnable  to  the  regulation  tyiK".  Tlu»  pnuim-t  of 
the  mixture  is  to  be  used  inthe  farlory  wliciv  Ihi'  iui\ 
tore  has  been  made,  for  dyeing  or  for  the  nmnufm'tuiv  of 
colors.  It  cau  not  be  admitted  to  cin-ulntion  outsido  tiw 
factory. 

/.'.    Tannint  and  DifferriU  Alkalabh. 

Add  to  Uie  alcohol  15  per  cent  of  its  volmiic  of  methyl 
spirit  confonnable  to  the  regulation  type.  'I'lie  pitMhicI  of 
this  mixture  shall  be  transfonned  on  llie  plnei'  into  lln 
ished  products. 

13.    Fulminate  of  J/frcury. 

Mix  previously  alcohol  with  15  per  ivnt  of  its  volume  of 
wood  spirit  confonnable  to  the  rcguiiiliitn  ty|»'. 

H.     Alcohols  for  Llgbtinp  onil  for  llralinu. 

To  ion  parts  by  volume  of  aleoliol  of  IH)  add  (1)  I'l 
parts  of  methyl  spirit,  (2)  (1.5  part  of  lieavy  In-iizint',  iitid 
(3)  0.00001  part  of  green  nialarliite. 

I.'i.     Traimparfiil   Siiaim, 

Mix  with  t}ie  alooliol  15  per  rent,  of  wood  spirit  con 
fonnable  to  the  tyjie. 

These  mixtures  shall  be  employed  on  llif  phu-c;  lln-y 
are  not  to  be  circulated  outside  of  the  i-stablisliTiicnt  whi-n- 
they  have  been  made. 
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IS.    Chlont  ami  CkloraJ  HyAvfe. 

Let  pass  over  the  alcohol  a  coirent  of  ddorioe  gas, 
which  from  the  first  moments  on  detenmoes  the  fonua- 
tioD  of  Dumerous  prodacts  by  which  the  prodnction  of  the 
chloral  is  accomffaDied — aldehyde,  ohiorhydric  acid, 
ctilorhydric  ether,  etc  The  maDufai^tirer  shall  prodoce 
for  each  part  of  alcohol  of  95*  a  quantity  of  chlorhydrate, 
which  shall  not  be  less  than  0.78  part 

17.    CollodUm. 

Mix  the  alcohol  with  its  volume  of  ether;  add  to  the 
mixture  the  pyroxylin,  and,  in  case  the  use  of  the  collodion 
is  to  Ix:  immediate,  the  iodures,  bromures,  etc,  which  trans- 
form it  into  a  fomniercial  product 

IS.    Liquid  Rennet. 

Tlie  alcohol  employed  for  the  manufacture  of  liquid 
rennet  can  be  considered  as  sufficiently  methylated  by  its 
dilution  with  brine,  uiion  condition  that  the  alcoholic  de- 
ffrcr-  of  this  dilution  does  not  exceed  10°.  In  default  of 
fliiw  pror-ess,  or  of  an  analogous  process,  the  metliylation 
should  be  clTccted  by  tlie  addition  of  15  ijer  cent  of  methyl 
sjiirit. 

5 Sweden. 

The  common  denaturing  agent  is  composed  of  10  parts 
of  wood  s]iirit  and  H  ])arts  of  pyridine  bases.  The  wood 
H]]iiit  must  contain  more  than  '.iO  per  cent  acetone  and 
not  less  tlian  1  jicr  cent  or  more  than  V,U  per  cent  of  sub- 
stances that  decolorize  bromine  solution. 
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I'orce  throiighout  the  (fouutiy.  Burning  gasolene  cannot 
lie  put  out  by  uieaus  of  water,  as  the  oil  floats  upon  the 
Jattcr.  wliich  hut  tends  to  spread  and  increase  the  flames. 
Alcohol,  on  the  other  hand,  being  iniscible  with  water  in 
all  degrt't'S,  can,  when  ignited,  be  instantly  quenched  by 
means  of  water.  With  alcohol,  too,  there  is  no  need  for 
a  law  i>revcntiiig  its  handling,  decanted,  after  dark.  Tlie 
vajior  of  alcoliol  is  not  intlanmiable  unless  closely  con- 
fined, and  naked  lights  can  be  used  about  an  alcohol  en- 
gine with  ini|)Hiiity.  The  only  danger  from  a  leak  lies  in 
the  loss  of  tlie  idcohol,  or  in  the  possibility  of  a  slow  fire, 
whi<'li  can  Iw  put  out  easily,  should  a  tlaine  corae  into  actual 
contat't  with  the  liquid.  The  odor,  aiising  from  the  ex- 
haust gases  of  a  gascilene  engine  are  unpleasant,  to  say  the 
hast,  and  in  tlii.'*  feature,  too,  alcohol  is  far  superior  to  the 
other  fuel  in  that  the  odors  which  result  from  its  combus- 
tion are  almost  im]K'iceptibk',  and,  when  noticed  not  un- 
ph'iisant.  i)i'  course,  there  is  the  possibility  that  the  de- 
iiiituiiiig  agent  may  cause  an  unpleasant  smell  to  arise 
fioni  the  comhustinn  of  the  alcohol,  though,  practically, 
little  n<*cd  be  appivhendeil  in  this  regard.  Cleanliness  of 
<'()iiibnstion  iw  an  extremely  attractive  feature  in  the  use 
<il'  alcohol.  Cylinders  and  valves  are  not  clogged  by  resi- 
dual products,  and  it  would  appear  that  a  better  two-cycle 
engine  could  he  designed  for  alcohol  than  for  gasolene,  he- 
cause  of  the  cleaner  c<unbustion  of  the  fonner. 

The  (Jerniaii,  French,  .Uistrian,  liussian,  and  other 
Kuro|)can  governments  have  given  ever>-  encouragement 
to  investigators  in  order  to  extend  the  field  of  the  utility 
of  ali'iihol  in  this,  as  well  as  in  other  directions.  Alcohol 
expositions  arc  hehl  annually  and  prizes  are  given  for 
spec-ial  researches  ti*n<ling  to  increase  existing  knowledge 
of  ctTective  metliods  of  utilization.  I'nder  the  influence 
of  careful  sui>ei-vi6ion,  and  with  the  aid  of  scientific  metli- 
ods, tlicse  researches  have  Iwrne  results  of  great  import- 
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ance  in  the  development  of  the  use  of  alcohol  as  a  fuel. 
Should  our  own  government  find  it  possible  to  pui-sue  a 
like  plan  the  results  would  unquestionably  be  similarly 
gratifyiug  on  this  side  of  the  Atlantic,  and  the  idea  would 
doubtless  be  heartily  recommended  by  men  in  scientific 
and  engineering  circles  throughout  Uie  country. 

Naturally  enough,  the  United  States  has  i)layed  no  part 
in  the  engineering  and  commercial  development  of  alcoliol 
as  a  fuel;  for  the  prohibitive  tax  with  which  tlie  spirit 
has  hitherto  been  burdened  rendered  its  aiipiication  to 
motor  appliances  impossible,  and  so,  while  our  Eurotwan 
competitors  have  been  progressing  with  rapid  strides  in 
this  field  of  endeavor,  our  only  advances  along  similar 
lines  have  been  the  profit  we  have  drawn  from  foreign  in- 
vestigations. Until  lately  even  our  literature  ujKm  the 
subject  has  l)een  marked  by  the  conspicuous  absence  of 
l)raetical  data.  We  have  been  dependent  upon  the  inves- 
tigations of  Euro|>can  engineers  for  information  regard- 
ing alcohol  motors,  that  is,  engines  in  which  alcohol  can 
be  utilized.  Our  manufacturers  are  hardly  prepared  to 
fill  a  iwssiblc  demand  for  this  type  of  motor,  and  our  en- 
gineers can  scarcely  be  sjiid  to  possess  t!ie  practical  knowl- 
edge necessary  for  the  most  economical  and  efficient  op- 
eration of  tliese  engines.  As  mentioned  before,  the  re- 
searches of  foreign  engineers,  j»articularly  of  the  fjer- 
mans,  are,  of  course,  available,  but  it  is  extremely  difficult 
to  draw  projier  deductions  from  arbitrary  sets  of  fiirures 
representing  effici(-iici*>s  or  comparative  economic  values, 
without  a  full  knowledge  of  tlie  conditions  under  wiiidi 
these  tests  were  ina<le. 

This  state  of  affairs,  of  course,  exists  in  the  case  of 
any  similar  motor  elcrnerit.  smuI  it  is  (fcnerally  acknowl- 
edged that  th(*  rcsulU  of  carefiilly  cx'-ciited  scientific  teats 
are  often  valueless  in  practice.  l,e<-iiiise  tlif  conditions 
under  which  the  tests  wen-  carried  out  are  seldom  dujiji- 
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t'lited  at  otlier  times.  For  instance,  it  is  generally  ac- 
tfiited  iu  regard  to  gasolene  engines  that  an  economical 
motor  will  bura  about  a  pint  of  gasolene  per  hour  per 
liorse-jiower.  Certain  engines  require  as  little  as  8/10  of 
a  pint,  tliougli  with  poor  valve  setting,  improper  fuel,  or 
under  otlier  unfavorable  circumstances,  the  amount  can 
easily  be  run  uj)  to  li  or  4  pints  per  hour  per  horse-ixtwer. 
In  comparative  tests  one  engine  may  be  running  under 
the  circumstances  best  suited  to  it,  while  the  other  may 
be  o]ierating  under  conditions  which  are  decidedly  un- 
favorable to  its  I>est  i>erformaii('e.  Thus,  unless  we  are 
thoroughly  familiar  with  all  the  circumstances  and  con- 
ditions under  which  tests  were  carried  out,  it  is  with  cau- 
tion that  we  must  accejjt  arbitraiy  values  in  regard  to  the 
(■(irniiaiative  efficiency  of  gasolene  and  alcohol  engines. 

This  much,  however,  can  be  said  with  regard  to  the  lat- 
ter: (iivcn  the  spirit  at  anything  like  the  price  claimed 
by  its  advocates,  and  alcohol  will  jirovide  us  with  a  fuel 
licciiliarly  well  ada]>te(i  for  many  cases  of  small  power 
Iirodiii'tion.  While  we  cannot  question  that  the  high  effi- 
ciencies nbtiiiiicd  by  certain  investigators  are  possible,  we 
<'ann(it  know  whether  they  are  obtainable  in  practice. 
n(tnlitlcss.  how('\er.  it  will  be  found  that  alcohol  is  little 
infeiiiir  to  gasolene,  so  that,  if  cheaply  produced,  it  can 
be  used  to  advantage  for  certain  motor  purjioses,  the 
<'ntir('  <|iicstion  devolving  u]>on  wbotlier  or  not  it  is  pos- 
silile  In  obtain  the  fuel  at  low  enough  cost.  To  utilize  it 
to  the  bi'st  advantage  in  explosive  engines,  special  mot- 
ors will  liavi-  to  hi'  produced,  nnlwithstanding  that  it  has 
hern  sbnwn  in  I'oi'ci^n  ])nicti<'e  that  the  same  engine  can 
usf  either  alcohol  or  gasolene  without  losses  as  great  as 
it  lias  soMiclirnt's  been  allcf-i'd.  The  specially  constructed 
engine  Is  the  |)r(ipcr  agent  lo  usf  for  high  economy,  and 
its  deve]()pTnent  will  doubllcss  soon  follow  the  wider  use 
of  the  alcohol  fuel.     The  real  gain  in  using  alcohol  is  uHi- 
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In  conclusion,  we  may  sum  up  the  advantages  of  al- 
coliol  for  fuel  puriioses  as  follows:  First,  freedom  from 
danger;  secondly,  absence  of  disagreeable  odors;  thirdly, 
(■a|]nbility  of  liigli  coniiiiession ;  fourtlily,  low  initial  Iieat 
and  discharge  of  exhaust  gases  at  relatively  low  tempera- 
tures; fiftlily,  character  of  the  explosion,  which  is  less 
sudden  and  more  i)rolouged;  sixthly,  more  perfect  igni- 
tion and  combustion. 

As  little  is  known  regarding  the  arrangement  of  the 
atoms  entering  into  the  composition  of  alcohol,  it  is  inj- 
jiossihle  accurately  to  com])ute  the  heat  value  from  the 
chemical  couiitosition,  anfl  therefore  recourse  must  be  had 
to  the  calorimeter.  Various  exiwrimenters  have  found  the 
heat  value  of  alcohol  to  lie  between  13,.3in  B.  T.  U.  and 
n,lif)4  li.  T.  U.  per  pound,  the  latter  value  being  the  one 
most  generally  used.  One  gallon  of  pure  alcohol  having 
n  specific  gravity  of  0.7!t4(>  at  Sil"  F.,  has  a  corresponding 
heat  value  of  77,274  li.  T.  U.  In  accordance  with  tlie 
clicmical  couipositiou,  1,  ))ouud  of  absolute  or  100  per  cent 
iilcoliol  requires  9  ]iouuds  of  air,  or  111.5  cubic  feet  at  62° 
Y.  Cor  complete  comhustioii.  The  heating  values  of  coiu- 
niereinl  alcohols  are  almost  always  lower  than  that  of 
aliSMJiitc  alcohol,  as  water  in  greater  or  less  quantity'  is 
generally  mixed  with  the  ordinaiy  s])irit  obtainable.  The 
heating  values  vary  from  Ul.SSd  B.  T.  U.  for  95  per  cent 
alcdhol.  having  a  specific  gravity  of  0.805,  to  7,200  B.  T. 
T'.  for  7it  per  cent  alcohol  having  a  specific  gravity  of 
O.K5(;. 

lienzeuc.  C*..  H^,  which  enters  largely  into  denaturing 
inctliods,  is  often  mixed  M'itli  alcohol  in  larger  quantities 
in  order  to  increase  the  healing  value  of  the  fuel  mixture. 
Benzene  has  a  specific  gravity  oi"  d.Siid  and  a  heating  value 
of  about  17.2110  B.  T.  T'.  per  t'ound.  From  10  to  40  per 
cent  of  the  benzene  is  sometimes  employed,  thus  raising 
the  heat  value  of  the  fuel,  and  at  the  same  time  decreasing 
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whioh  the  tests  were  carried  out  we  cannot  say  whether  or 
not  tliese  jierfornianees  can  uniformly  be  repeated  in  prac- 
tice. 

At  tlio  fuel  costs  assumed,  the  following  table  gives 
the  cost,  in  cents,  for  10,000  B.  T.  U.  with  each  of  the  three 
fuels. 


Poel. 

Hcutimr 
,«r  poiiml. 

ar.  u. 

a«tper 

Oullon. 
CenlB. 

Cortper 
Pound. 

Cents. 

BpedDc 
Ormntr- 

Costof 
IftOOO 

RT.  U. 
Centt. 

auoleoe 

19.000 

\H,rm 

13.0 
13.0 

ir..o 

2.57 
1.S8 

2.21 

0.710 
0.800 
0.815 

Kerosene 

Alcohol.  BO  per  cent-. 

2.18 

It  cjiii  1.C  seen  from  the  above  that  10,000  B.  T.  U.  from 
ah'ohol  are  imich  niDre  oxi)eiisive  tlian  the  correspond- 
injj;  A-aliiL's  for  gasolene  and  kerosene.  In  order  to  e<iual 
in  C(i!st  of  o]ieration  tliat  of  the  other  fuels,  the  thermal 
efficiency  of  tlic  alcohol  engine  must  lie  ],62  times  as  great 
iiy  tliat  of  ga.Milt'nc,  and  li.li)  times  as  great  as  that  of 
the  ivcroscnc  engine,  all  otliei'  losses  being  the  same.  The 
IhcTiiiiil  liiake  cfiicicnciis  given  in  the  table  below  are  the 
btst  figures  obtained  by  Diesel  in  1003  for  gasolene  and 
kcidscTie  engines,  allowance  being  made  for  improvements 
ill  Higine  constiiii'lion  and  fuel  utilization  since  that  time. 
Miesel's  figuies  for  the  gasolene  engine  and  the  kerosene 
engine  wuc  lesiiecfively  2(1.5  per  cent  and  17.6  per  cent 
'I'lie  best  figiiie  obtnined  by  Clever  in  lilOii  for  themial 
(fliciency  in  the  cixniietitive  tests  of  ten  alcohol  engines, 
was  that  of  tlie  Deufz  engine.  .'!1.7  per  cent.  In  this  case 
the  end  compre.«si(m  was  1!I0  pnniuls  per  .^(luare  inch,  while 
that  of  the  explosion  exceeded  450  i)ouud8.     Though  it 
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is  possible-  to  increase  even  this  high  efficiency  by  the 
use  of  still  higher  degrees  of  compression,  it  is  not  advis- 
able to  introduce  them  into  average  practice,  as  extremely 
bigli  compression  renders  the  engine  unproportionately 
sensitive  to  improper  setting  of  the  inlet  valve.  Under 
those  conditions  the  niaintenauce  and  care  of  the  engine  is 
rendered  far  more  difficult,  and  even  with  the  best  of  care 
unsteady  and  erratic  operation  is  hable  to  ensue.  Ben- 
zene and  alcoliol  mixtures  are  not  taken  into  considera- 
tion, as,  in  general,  the  thennal  efficiencies  approximate 
those  of  alcohol  alone.  Tlie  use  of  much  benzene  is  not 
to  be  recommended,  as  it  tends  to  foul  the  engine.  The  fol- 
lowing fable  gives  the  economy  and  cost  figures  deduced 
from  Meyer's  tests.  They  are  not  to  he  regarded,  how- 
ever, as  detennining  witli  exactitude  the  comparative  effi- 
ciency values  of  gasolene,  kerosene,  and  alcohol ;  for,  as 
mentioned  above,  it  is  hardly  proper  to  determine  such 
comparative  values  from  sets  of  arbitrary  figures,  where 
exact  knowledge  of  the  conditions  obtaining  is  not  at 
hand: 


Fuel. 

r 

m 

Si 

Coiits. 

1  .;tr> 

roimil. 

l-er  Ciiil. 

CpnU. 

Gasolene 

(i.r>M(i 

i:i.O 

II.IXKI 

1 ,4Hr> 

Kerosene 

IM 

o.ra.'i 

IP.O 

14.140 

i.-i-ia 

Alcohol  flO  yiet  cent. . 

2,10 

O.WKt 

;n.7 

8,030 

I.TW 

From  the  above  table  it  would  aj)|)ear  that  the  opera- 
tion with  alcohol,  90  per  cent  pure,  costs  19  per  cent  more 
than  with  gasolene,  and  about  2'2  ycr  cent  more  tlian  with 
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kerosene,  and,  on  tlie  basis  of  tlie  above  computations,  90 
per  cent  alrohol  would  have  to  cost  12  cents  a  gallon  to  be 
on  a  par  witli  gasolene.  Thus  we  see  tliat  gasolene  is  still 
in  advance  of  alcoliol  as  regards  fuel  costs,  but  it  may  be 
said,  that  with  the  advancing  jirice  of  tbe  fonner,  the  de- 
creasing price,  it  is  to  be  hoped,  of  tbe  latter,  and  improve- 
ments in  the  design  of  alcohol  engines  and  the  methods  of 
alcohol  fuel  utilization,  the  use  of  alcohol  in  motors  will 
liecoiiie  far  more  general;  for  regardless  of  fuel  cost  it 
possesses  many  advantages  over  gasolene  for  this  purjioee. 
Tills  is  tlie  real  reason  why  alcoliol  has  found  such  ex- 
tended application  in  certain  European  countries,  in  spite 
of  its  somewhat  greater  oi)erating  cost 

ll.-THE  ALCOHOL  MOTOR. 

Tlip  alcohol  engine  does  not  dift'er  materially  in  detail 
tnnii  the  ordiiiaiy  gasolene  engine,  and,  as  a  matter  of 
tact,  any  gasolene  engine  can  run  on  alcohol  and  any  alco- 
hol engine  can  he  made  to  operate  with  gasolene,  provided 
pio|jer  means  be  used  for  suitably  making  tlie  fuel  mix- 
ture in  eacli  case.  Tlie  efficiency  of  o|ieration  of  alcohol 
engines  can  be  iiiaterialiy  increased  by  increasing  the  com- 
pression, witliin  proper  limits.  The  difference  in  eoni- 
pressifui.  and  the  dilVerence  in  the  vaporizer  or  earlmreter 
are  the  main  distingui-sliing  features  in  the  two  types  of 
motdis.  Tlie  latter  dilTerenco  is  the  one  of  givater  ini- 
IKirtaiice. 

As  so  little  has  been  done  in  this  country  with  the  ipies- 
lion  of  tlio  developiiu'iit  of  alcohol  motors,  we  nmst  turn 
to  Kiiiope  fur  infonuiitiivii  regai-ding  the  Ix'st  type  of  en- 
gine til  Ik'  nsctl.  In  (ieiiiiaiiy.  espis-ially,  have  nuiiil>ers 
nf  excelh'iit  iiiutoTs  been  develoiicd,  and  the  acconipauying 
illiislriitiiiiis  iiiv  ijf  (iennari  <'iigiiies  of  this  type.  As 
alcohol  is  less  volatile  than  gasolene,  though  i>resenting 
less  dilliculty  in  this  resjiect  tlian  kerosene,  the  agency  of 
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heat  is  used  in  nearly  all  of  the  vaporizing  devices  now 
on  tiie  market.  As  a  rule,  the  exhaust  heat  of  the  gases 
of  combustion  is  utilized,  though  this  method  has  the  draw- 


back tliat  tli<-  li"jtt  i^  uol  iivailiiblf  ill  tin-  start  when  tbo 
fugino  is  coUI.  and  it  biis  liccii  runiid  in  piiictirc  to  be  al- 
most imiHJssiblf  to  start  a  mid  cnsim'  on  ali-oliol  alone. 
In  most  eases  tin-  i'ijjrin(.s  an-  starti'd  willi  Kas<)ifn<*  to 
avoid  the  ust  of  an  oiK-n  fUmio  to  lieat  tlie  vajioriiier  at  the 
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start,  as  tliis  is  both  dangerous  and  cumbersome.  After  a 
few  strokes  with  the  gasolene  mixture,  enough  heat  is 
available  for  the  purpose  of  vaporizing  the  alcohol,  and 
tlie  eliaiige  is  usually  effected  by  throwing  over  a  single 
Ifver.  In  most  of  the  designs  of  this  kind  but  a  few  min- 
utes need  elapse  before  the  change  to  alcohol  can  be  made. 
It  must  be  said,  however,  that  the  use  of  gasolene,  either 
to  start  with  or  in  a  torch,  brings  with  it  the  very  disad- 


vaiitnges  of  ilniigrr  and  siiifll,  at  least  at  the  start,  which 
are  olijectcd  to  in  this  i'uol. 

The  vaporizers  for  alcohol  iiro  substantially  of  throe 
lyjH's,  based  iipiui  the  inaniu'r  of  beating.  They  comprise 
first,  tliosi-  in  wliicli  no  heat  is  employed;  secondly,  those 
in  wliifli  Ihe  air  is  ]irc-lienti'<l ;  and  lastly,  those  in  which 
the  inixfiii'e  is  heated  and  then  snperlieatpd. 

The  I'eufz  va|«)iizei-  with  which  such  excellent  results 
were  obtained  in  Meyer's  k-sts,  is  illustrated  in  Figs.  74 
and  75.     The  engine  is  governed  by  throttling,  the  inlet 
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valve  /  being  actuated  by  levers  and  the  cam  a,  which  is 
of  tai>er  form,  with  /  under  the  control  of  the  governor. 
The  duration  of  the  time  during  which  tiie  valve  is 
open  depends  upon  the  position  of  a.  The  cam  also  acts 
upon  the  plunger  of  the  fuel  pump  /i,  through  the  bell 


crank,  c,  d,  c,  tlic  action  lieinp  ono  of  suction  dnrinji  the 
first  part  of  the  niovt'incnl,  and  of  pnnipin);  the  lii|uid 
during  the  lattrr  part.  Tn  <'ons(H|ncii<'e  of  tliis  inranjrc- 
nient,  the  fuel  is  injected  durinR  tlic  second  half  only  of 
the  suction  stroke.  rhcn-Ky  insuring  »  ricii  mixture  at  the 
igniter.    The  current  of  air  enters  through  the  valve  k 
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and  is  enriohed  by  tlie  alcohol  which  is  forced  through  the 
atomizer  i.  Thus,  tliere  is  no  pre-heating  notwithstanding 
the  tliorouf^lmeBs  of  tlie  atomization.  To  avoid  throwing 
down  tile  vapor,  tlie  jiorts  of  tlie  cylinder  are  as  direct 
and  short  as  |)ossible.  It  has  been  found  that  no  pre- 
lioatinfr  of  air  or  fuel  mixture  is  neeessarj'  when  the  en- 
gine is  regulated  by  tlie  tiirottling  method  instead  of  by 
the  hit  and  miss  systems.  This  is  undoubtedly  due  to  the 
f:i<-t  that  in  the  latter  an  engine  under  less  tlian  normal 
load  is  cooled  nt  the  cylinder  during  a  succession  of  misses, 
so  that  ])art  of  the  alcohol 
vapor  on  the  nest  explosion 
is  thrown  down  unless  it  is 
sui>erlieated. 

In  the  Altman  vaporizer, 
shown  in  Fig.  7(i,  the  air  is 
jire-lieated.  A  regulating 
valve  for  the  air  is  provided 
at  I',  tlie  air  pii>e  a,  h,  being 
surrounded  at  its  lower  end 
by  the  exhaust  pijte.  The  ar- 
rangement of  the  regulating 
valve  is  such  that  when  it  is 
drawn  upward  the  amount 
of  air  ))assing  tbrongh 
it  is  decreased,  but  always  in  such  a  manner  tliat 
the  current  strikes  through  tlie  upper  j)art  of  the 
pilM)  and  is  directed  against  llie  fuel  nozzle  d.  The 
valve  lever  /,  which  operates  flie  fuel  valve  d  through  a 
reach  rod  and  the  finger  h,  i,  shown  in  Fig.  77,  operates 
the  inlet  valve  c.  The  lever  /  is  actuated  by  the  cam  /, 
thronyh  a  iiendnlum  hit  and  miss  governor  o,  m,  p.  As 
shown  in  Fig.  77,  the  lever  /  forces  down  the  point  of  tlie 
scrow  k  when  it  is  depressed.  Tt  thus  turns  the  reach  rod 
about  its  axis  and  depresses  the  point  i  to  ojien  the  valve 


Altman 
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izer  furnishes  a  more  highly  superheated  mixture  tb^n 
any  of  the  otiiers,  in  consequence  of  the  fact  that  every 
possible  way  of  tJioroughly  utilizing  the  heat  of  the  ex- 
iiaust  gases  is  employed. 

lu  oontratlistinctiou  to  the  type  above  is  the  vaporizer 
illustrated  in  Figs.  79  and  80,  which  is  constructed  by  the 
Dresdener  Gasniotorenfabrik.     It  embodies  a  novel  prin- 


ciple whereby  tiie  cooling  water  of  the  eugiiie,  after  being 
lic!ite<l  by  tlio  i;i<liatian  (if  the  cyliiidei-s,  is  used  for  heating 
(Ire  mixture.  The  warm  water  enters  the  jacket  of  the 
vajiorizpr  at  :r,  while  air  t-niers  at  the  top  at  y.  The  inlet 
valve  li  is  automatic,  lli(nigli  at  the  start  it  can  be  pushed 
down  at  will  by  meaiia  of  the  projecting  stem  c.  The  fuel 
valve  d,  to  which  the  alcohol  is  fed  through  the  needle 
valve  0,  is  opened  by  the  downward  movement  of  the  inlet 


.-riic    Aij^yB'.-l. 


f-  nt  1  u-lied  asid? 
_a  DiaiiiKJ  at  wn- 
^  1  \  *•    /  is  so  ?*-t 

.»■  eav.  fUf  unzzleat 

I  irettl  Mritli  Ka*(»- 
^\  iiv-n  the  cviia- 


Fii-,  s].— MAniENfi:i.i)E  V 

(l<-r  Ji;is  liccii  siillii'iciitly  heated  tlie  eliaiigc  to  alcohol  is 
iMjulc,  fire  sjdiii^'  <  lieiii^'  juiwiicd  into  place  while  tlie 
-l-iiriK  fl  is  riiiceii  aside,  and  tlio  valve  </  is  turned  into 
Hie  |irisifi(jii  sliown  in  tlie  illuslraficin  of  this  tyj»e  of  vap 
orizr-r.  Tlic  air  .sn|i]»ly  in  this  va|)oiizer  is  heated  iu  the 
nsiiul  riiaiiiicr  liv  means  (if  tlio  exliaiist  gases.  Fig,  S- 
illuslnites  a  Iwo-eylinder  niunne  alcohol  engine  of  the 
.Miirieiirelde  type,  anil  as  can  he  seen  from  tlie  engrav- 
ing, it  does  not  differ  materially  in  design  from  that  of  a 
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gasolene  motor,  with  the  exception  of  the  carbureter  and 
the  compression  chamber.  The  tank  a  which  contains  the 
alcohol  is  maintained  at  a  certain  pressure  by  means  of  the 
exhaust  ^ases,  which  force  the  alcohol  into  the  proper 
float  chamber  of  the  last-described  type  of  vaporizer.  The 


Vio.  82. — Mabiehteldb  Alcoool  Motob. 

inlet  Talve  i  is  automatic ;  the  exhaust  valve  k  is  uiecliani- 
cally  operated.  Tlie  fresli  air  for  tlic  fuel  mixture  )>asse3 
through  a  heater  surrounding  the  exhaust  pijie,  and  is 
thus  pre-heated  on  its  way  to  the  vajwrizer,  the  volume  of 
the  pre-heater  being  12  to  15  per  cent  of  the  stroke  vol- 
ume of  the  cylinder.  The  ignition  is  by  means  of  the 
magneto  device  /,  w,  and  is  of  the  mako-and-hrealt  type. 
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The  motor  is  goremed  mi  the  bit^nd-iniss  Byetean.  The 
circulating  jacket  water  is  kept  in  motion  by  a  small  rot- 
ar>'  )imnp  ii.  The  gasolene  necessary  for  starting  the 
motor  is  kept  in  the  tank  d,  at  a  higher  level  so  that  the 
fuel  is  supplied  to  the  gasolene  chamber  of  the  vaporizer 
by  gravity. 


374  INDUSTBIAL.    AlCOHOL 

(•oiiiparative  trial  of  tlie  two  fuels.  Advantages  not  so 
easily  olist'n'ed,  but  which  are  none  the  less  real  and  im- 
]K>rtant,  are  found  in  tlie  increased  healthful ness  and 
IJurity  of  the  air  of  a  closed  room  in  which  an  alcohol 
stove  is  burning,  as  comimred  with  one  containing  a  kero- 
sene or  gasolene  stove.  The  noxious  influences  of  car- 
bonic ar-id  gas  in  rooms,  and  the  measures  which  are  nowa- 
days taken  to  maintain  in  ail  rooms  an  atmosphere  as  free 
as  possible  from  this  deleterious  gas  are  well  known. 
That  caibcm  monoxide  gas  always  accompanies  this  and 
is  many  times  more  jioisonous  and  more  lasting  in  its  e\'il 
efTects,  is  not  so  well  known.  This  gas  results  from  the 
iiicomiileti'  combustion  of  carbonaceous  materials,  and 
tlie  very  fact  that  file  alcohol  flame  is  non-luminous  shows 
that  coiiiliustion  is  more  complt'tc.  and  that  there  is  there- 
fore less  (if  the  extremely  poisonous  carbon  monoxide 
formed  tli;iii  in  fiic  combustion  of  kerosene  and  gasolene, 
Moiccjvii*  llic  cliemical  composition  of  ]>etroleum  products 
sliiiws  that  on  an  avr-rage  they  contain  Si>  ]>(>r  cent  of  car- 
bon, while  tlie  !ll)  per  cent  alcohol,  which  is  generally 
iiscil,  I'Diitaiiis  but  44,(i  per  cent  of  carbon.  Simple  cheui- 
ic;jl  i';ili'ulati(ins  show,  therefore,  that  from  the  burning 
of  (Jiic  pnrt  by  weight  of  iR'troIemn  products  ."i.ll*  parts  of 
cailmii  dioxide  gas  are  formed,  and  of  alcohol  l.fi3 
j^arts,  (inly  nliout  lialf  as  inucli.  A  larger  part  of  the 
healing  value  of  alcohol  than  of  petroleum  comes  from 
tlic  combustion  of  the  gaseous  element  hydrogen,  which 
produces  a  hotter  flame  and  no  noxious  combustion  pro- 
ducts, but  only  water.  Alcohol  should  be  use<l,  therefore, 
whenever'  [Hissible  fnr  hfating.  b;canse  it  produces  far 
less  carhcii  dioxide  and  deadly  carbon  monoxide  than 
petroleum  products. 

I ECONOMY  OF  ALCOHOL  FUEL. 

Alcohol,  it  nuiy  1k'  expected,  will  soon  cost  about  the 
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same  as  gasolene  and  but  a  trifle  more  than  kerosene 
weight  for  weight.  At  the  price  given  in  the  previous 
Part  XV.,  the  relative  coste  of  equal  amoants  of  heat  the- 
oretically given  off  by  these  three  are : 

GsBolene    1^5 

KeroBene  1-02 

Alcohol 2.19 

The  apparent  superior  economy  of  petroleum  products 
in  theory  is  not  borne  out  in  practice.  There  are  greater 
beat  losses  from  the  gasolene  and  kerosene  flames  than 
from  the  alc<^ol  flame;  the  latter,  because  it  contains  no 
solid  incandescent  carbon,  does  not  radiate  heat  so  much. 
These  facts  and  others  of  a  purely  technical  nature,  com- 
bine to  make  the  cost  of  alcohol  lieating  only  about  one- 
fiftli  more  than  that  of  kerosene  or  gasolene  for  equal  heat- 
ing effects.  This  sligiit  difference  in  cost  which  may  soon 
be  changed  to  the  favor  of  alcoltol  by  its  cost  falling  be- 
low tliat  of  the  othere,  is  more  than  compensated  by  the 
advantages  just  mentioned.  Tt  lia.s  not  .sufficed  to  binder 
the  widespread  use  of  sjiirit  for  such  purposes  in  Europe. 
II.— THE  NATURE  OF  THE  FUEL. 

The  denaturing  of  grain  alcohol  with  small  amounts  of 
wood  alcohol  and  benzene,  as  the  United  States  regiila 
lions  jirescribe.  in  no  way  interferes  with  its  Viiliic  as  a 
fuel;  it  isnecessaiT  only  that  the  dcnatiiied  iil<'(»Inil  slmuld 
corres)K>nd  to  at  leapt  90  volume  per  cent  ituic  alcnhnl. 
and  should  not  be  denatured  with  any  solid  substance.  In 
France  a  solid  material  called  malachite  green  was  usfd 
in  small  amounts  as  one  of  the  denaturants.  It  gradually 
accumulated  in  wick:^  and  Imrncrs,  befouling  tlieiii  ami 
lowering  the  efficiency  of  the  devices. 

In  this  connection  a  novel  fiuni  of  alcohol  I'uel,  ealled 
Smaragdin,  which  has  iceently  bwn  iiilnidu<'e<|  abmad, 
may  be  mentioned.     It  is  solid  aud  comes  in  sinali  I'ubis 


31K> 

l)ringing  articles  to  a  high  temperature.  The  soldering- 
iron  blast  lamp,  shown  in  Fig.  100,  is  similar  in  construc- 
tion and  operation.  The  reservoir,  however,  is  attached 
ininiediateiy  and  rigidly  to  the  burner,  which  is  provided 
witl)  numerous  holes  for  admitting  air,  and  is  operated 
with  tlie  thumb.  It  costs  about  $3.  Another  utensil  which 
is  used  to  some  extent  in  Germany,  although  it  probably 
will  Hiid  little  use  here,  is  the  coffee  roaster,  illustrated  in 
Fig.  101. 

These  articles  indicate  the  great  variety  of  ways  in  which 
alcohol  may  be  employed  in  domestic  life,  and  tliis  utiliza- 
tion will  doubtless  be  greatly  increased  in  the  future  by 
American  inventors. 
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US  alcohol.  Tliis  is  seen  by  the  following  comparative 
tests  made  by  the  Klw'trical  Testing  Laboratories  of  New 
York  City,  of  a  round  wick  center-draft  kerosene  lamp 
and  an  incandescent  mantle  alcohol  lamp : 

Lamp.      One  gallon  will  last.      Candle  power.      Candle-power  hours. 
Alcohol         57hrs.    !>  mln.  :i0.35  1732 

Oil  28  hra.  40  mln.  3U.S  883 

In  the  following  table  the  cost  of  alcohol  light  as  coin- 
j)ared  with  tlie  other  ordinary  methods  of  illumination  is 
given  as  reporteil  by  one  German  manufacturer  who  has 
made  careful  tests.  The  alcohol  is  taken  as  costing  30 
C€<iitii  ))er  gallon: 

(In  centB  per  Ifi-candle  power  hour.) 

Cost  of  ali'ohol  uaeil  in   Uuupa 0.OOO8 

CoHt  of  Kus 0006 

Cost  of  electricity 0014 

Coal   of   kerosene 0010 

This  Is  at  18  centB  iier  gallon  for  kerosene  In  Germany. 

These  arc  the  figures  for  small  lamps  of  the  candle- 
power  of  tlie  electric  iucandcscciit  lamj).  The  amount  of 
alcohol  use<l  per  candle-iwwer  hour  is  much  less  for  larger 
liglits.  Speaking  generally,  the  cost  of  lighting  by  alco- 
hol as  compared  with  kerosene  is  in  the  ratio  of  6  to  10  in 
favdr  of  the  alcohol.  It  will  he  noticed  that  gas  only  can 
coiiipcle  with  nicoliol  as  an  illuminant,  while  alcohol  has 
the  advantage  of  furnishing  a  portable  light,  which  gas 
d(H's  not. 

Kor  cortnin  ]nirposos,  thereroie.  alcohol  possesses  pre- 
eminent adviinlngoK  as  an  illuminant,  and  there  is  eveiy 
reason  to  expect  that  if  will  find  extensive  use  in  thia 
eonntiy  as  it  li'is  abroad. 


PART  XVIII. 

STATISTICS  OF  ALCOHOL  PRODUCTION. 

IT  is  undoubtedly  of  interest  to  know  the  progress 
and  extent  of  the  alcohol  industn'  in  tliis  and  other 
eoaDtries.  The  statistics  of  the  manufacture,  usee, 
and  ])nce  of  the  various  varieties  of  alcohol,  here  and 
abroad,  follow,  and  from  these  some  idea  of  the  possible 
extension  of  the  industry  and  the  probable  cost  of  alcohol 
in  our  country  can  be  obtained. 

I.-UNITED   STATES. 

The  following,  statistical  data  are  from  the  reports  of 
the  Commissioner  of  Internal  Kevenue,  for  the  fiscal  year 
ended  June  30,  1905: 


TABLE    1.-DI8TILLEBIM    RE 

jusB  30. 

1905. 

EAB    KlfDED- 

(irmln. 

,..«,. 

Fruit. 

1 
1 

I 

ill 

7      1      ^             TtiUl 
1      s       IbntMered. 

TfitaJ 
DperaMd. 

Total 

866 

:■« 

M    j    i:t 

1,HWJ1,I«I          i()l« 

1.772 

i:;dubtual  alcohol. 


TABLE  II. grAXTITIES   OF  CBAIX   AXB  OmEB   IfATEBIAU  USED  TOB  THE  Fl 

IHCTIO^   (IK   UlSTILI.mi   KI'UITR  UUBINB  THE  FISCAL   TEAB  EKDED 
JU.NE   30.    1905. 

Bushels. 

Malt  3,798,678 

Wheal   12.481 

Barley  9,874 

Rye 5,489,028 

Corn   20.592.604 

Oata  18.898 

Mill  feed 1.462 

Other  materials 4,500 

Total    29.927.325 

Molasses 20,649,663    Gals. 


Ti'iir. 
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GalloliK. 

1'xol  to 

Mol^-B 

P  miner 
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Gallcms. 
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GalloDl. 
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ar.iiST.iwt 

\ZVA9.iS: 

iii.iai.s.'-i.i 

H.1«1I,;HH 
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lS«.31U(i 

i«r,.  ... 

ai.«T.:f.-, 

VW<S.A7» 

i".a»T.iKJ 

i2,im.'at 

s,iei«8 

l,:81,gS7 

UT.FiIO.TH 

The  average  ylclrl  per  bushel  of  g 


=  4.47  +  gallons 


i  user!  for  the  production  of 

sjiirils  was  —,  ^-r,-^'-?^  ^^  n.Ua?  +  gallon. 
The  avpiiiRe  yfpiii  jicr  sallon  nt  molasses  used  for  the  production  of  rum 
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ll.-aERMANV. 


The  following  statistics  bave  been  compiled  by  the  Bur- 
eau of  Statistics  of  the  United  States  Department  of  Agri- 
culture, from  the  Vierteljahrshefte  zur  Statistik  des 
Deutschen  Reichs,  1906: 


liK'ltM. 

m 

l»-:i«. 

DIMII- 
ItrMlD 

y^-Vft. 

4ssa. 

HiMII- 

leriwln 

Ak'obol 
CnidiNiCiI. 

Alcobol 

Agricnlinral     dia 

fl.rr* 

w.aw..w» 
T,r>tn..'}u 

1.H.MK 

75.»BO,K« 

ToUl 

I4.1«l 

«4.4:«.«r« 

IndiMtrial  distUleriM : 

Potato 

Grmio       

■et 

;w 
w 
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2,452.501 

a* 
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1I,«I2,4W 

4,sn3 

ona  nwtenala. 

:M.\m 

t(U.:.vj 

'tA'.t 

WiH.145 

Omd  low..... 

Mi.7<t.im 

m.^m 

l'il>l».'ilT 

nwA-vt.iii* 

Potatoes  .... 

Rye  

Barley  . .  . . 
Com  and  dai 


2.273,474 
2,817.880 
5,040.372 
654,651 
14.108,293 
2,274,847 

3.123.743 
7.167,540 

10.359,400 
871.497 

16,359.414 
3.004.881 

aeed  fruit  and  pomace 

Stone  fruit 

Wine  lees  and  rapes  

Other  materials 

Totals 

26.579.817 

39.886,474 

TABLE  VI. — (X>NRUMPTION  OP  TAX-FREE  ALCOHOL  TIT  THE  GKRHAM  I 


Agrlcultu 
Pumping 
Creamer  [i 
Electric  I 
Woodwor! 
Flour  ml 
Bakeries 
Motor  tru 
Boatg  . . . 

The  rest  were  used  for  general  power  purposes. 

As  regards  the  prices  of  the  various  substances  used  in 
Germany  for  denaturing  alcohol  they  are,  depending  upon 
the  quantity  ordered,  as  follows : 

Prlcmln 
cents,  per  lb. 

4  parts  wood  alcohol,  1  part  pyridln  base 9.75  to     10.90 

Denatured   wood   alcohol 8.G5  to     10.80 

Pvridin   bases 13.&0  to     15.16 

Camphor     66.17  to     57.40 

Turpentine    oil 17.30  to     2*.30 

Benzene 8,65  to     10.80 

Sulphuric  ether 24.30  to    30.30 

Animal  oil 27.00  to    32.50 

Chloroform    16.80  to     19.60 

Iodoform     292.00  to  325.00 

Ethyl    bromide 54.00  to    70.40 

Benzine    7.50  to      8.10 

Technically  pure  methyl  alcohol 10.80  to     13.00 

Castor    oil 18.90  to     21.20 

Lye    5.00  to      6.40 

The  retail  selling  price  of  alcohol  varies  greatly  from 
year  to  year  in  CJerinany,  as  is  seen  in  the  following  table, 
which  gives  the  prices  of  90  per  cent  alcohol  for  the  last 
four  years: 

1903.  1904.  1905.  1906. 


The  high  prices  nf  the  years  19()4  and  1906  were  caused 
by  the  jjoor  i)otato  crop  resulting  from  abnormally  dry 
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A  fair  avera^  price  for  the  market  value  of  crude  alco- 
lioi  in  France  is  $5.21  per  hectoliter,  or  20  cents  per  gallon. 
The  price,  of  course,  fluctuates  somewhat  in  France,  as  it 
does  elsewhere.  When  we  add  to  this  price  the  cost  of 
denaturing,  as  given  above,  we  have  a  total  cost  of  $8.91 
for  115V:.  liters — about  30  gallons  of  denatured  alcohol 
The  net  cost  per  gallon  of  industrial  alcohol  in  France  in 
ordinary  times,  is,  therefore,  about  30  cents. 

IV.-OREAT   BRITAIN. 

The  following  table  is  taken  from  the  Report  of  tie 
Knglisli  Industrial  Alcohol  Committee,  1905,  and  shows 
the  (jiiantitj'  of  denatured  alcohol  produced  in  Great  Brit- 
ain during  the  years  1900  to  1904: 

Mineralized 

methylated  spirit.  Total. 

1,328.162  3.386,6U 

1,439.243  3,514,757 

1.410.603  3,587,730 

1,464.672  3.678,25! 

1.527,573  3,667,357 
(I  Decrease  mainlj'  due  to  the  fact  that  certain  Arms  were  allowed 

lo  denature  alcohol  by  other  subBtancea  than  wood  naphtha. 

I'ntil  within  tlie  last  few  years  tlie  British  alcohol  sup- 
ply has  beeu  drawn  largely  from  Gennany,  but  the  impor- 
tation of  Geniian  plain  alcohol  to  be  denatured  for  indus- 
trial iHir|)oses  has  now  almost  entirely  vanished.  ■  The 
jirioesliave  been  goveined  mainly  by  the  quantity  of  i«>ta- 
tops  availalde  in  eastem  Europe  for  conversion  into  alco- 
hol. They  show,  therefore,  the  same  wide  variations  as 
Germany,  and  are  for  the  last  five  years  of  importing: 
18.6, 13.8,  17.2.  28.5.  and  36.83  cents  per  gallon. 


Ordinary 

Year. 

methylated  splrll 

mnn 

2,058,450 

19'.l 

2.075.514 

1902 

2.157.127 

1903 

2,213.580 

1904 

02,139.784 
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V.-BELaiU«, 

The  tax  on  denatnred  alcohol  to  be  used  for  industrial 
purposes  was  removed  in  1896  by  the  Belgium  govern- 
ment. The  increase  in  the  use  of  alcohol  for  such  purposes 
has  been  rapid  since  1896,  as  is  seen  in  the  following  table : 

TABLE  Xm. 

Qallons. 

1896   126,«B8 

1897    284,211 

1898 290.316 

1899    286,711 

1900    426,178 

1901     575,447 

1902    924,421 

There  was  ased,  therefore,  in  Belgium,  seven  times  as 
much  denatured  alcohol  in  1902  as  in  1896. 
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APPENDIX. 
CIRCULAR  NO.  680. 

8I-RCIP1CAT10KS    F0&    METHYL    ALCOHOL   AND    BENZINE,    BUB- 
IflTTED  FOB  APPROVAL  AB  DENATURING  MATEBIAI^. 

Treasury  Department, 

Office  of  the 

Commissioner  of  Intemai  Revenue, 

Washington,  October  30,  1906. 
The  second  paragraph  of  section  1  of  the  act  approved 
June  7,  ]9(J6,  for  the  withdrawal  from  bond,  tax  free,  of 
domestic  alcohol  to  be  rendered  unfit  for  beverage  or  liquid 
medicinal  purposes  by  the  admixture  of  deuatnriDg  ma- 
terials, provides  as  follows: 

The  churitcler  and  quantity  of  the  said  denaturtng  material  and  ths 
condltlona  upon  which  aald  alcohol  may  be  withdrawn  free  of  tax  shall 
be  prt!Bcrlt>ed  by  the  Commleeioner  of  Internal  Revenue,  who  shall, 
with  the  approTal  of  the  Secretary  of  the  Treasury,  make  all  neces* 
sary  regulations  for  carrying  Into  effect  the  prorlalons  of  this  Act. 

Pursuant  to  this  authority,  and  in  conformity  with  the 
terms  of  section  26  of  r^ulations  No.  30,  the  following 
specifications  are  prescribed  for  methyl  alcohol  and  ben- 
zine submitted  for  approval  as  denaturing  materials. 

METHYL  ALCOHOL. 

The  methyl  alcohol  submitted  must  be  partially  purified 
wood  alcohol  obtained  by  the  destructive  distillation  of 
wood.  It  must  conform  to  the  following  analytical  i-e- 
quirements : 

Color. — Tliis  shall  not  he  darker  than  that  produced  by 
a  freshly  prepared  solution  of  "2  c.  c.  of  N/10  iodine  diluted 
to  1,000  c.  c,  with  distilled  water. 
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Specific  gravity. — It  must  liave  a  specific  gravity  of  not 
niore  than  0.830  at  60°  F.  {15.56°  C),  correeponding  to  91* 
of  Tralles'  scale. 

Boiling  point. — One  hundred  c.  c.  slowly  heated  in  a 
flask  under  conditions  aa  described  below  must  give  a  dis- 
tillate of  not  less  than  90  c.  c.  at  a  temperature  not  exceed- 
ing 75°  C.  at  the  normal  pressure  of  the  barometer  (760 
mm.). 

One  hundred  c  c.  of  wood  spirit  are  run  into  a  short- 
necked  copper  flask  of  about  180-200  c.  c.  capacity,  and  the 
flask  placed  on  an  asbestus  plate  having  a  circular  opening 
of  30  mm.  diameter.  In  the  neck  of  this  flask  is  fitted  a 
fractionating  tube  12  mm.  wide  and  170  mm.  long,  witb  a 
Imlb  just  1  centimeter  below  the  side  tube,  which  is  con- 
nected with  a  Liebig's  condenser  having  a  water  jacket 
not  less  than  400  mm.  long.  In  the  upper  opening  of  the 
fractionating  tube  is  placed  a  standardized  thermometer, 
so  adjusted  that  its  mercury  bulb  comes  in  the  center  of 
the  bulb.  The  distillation  is  conducted  in  such  a  manner 
that  5  c.  c.  pass  over  in  one  minute.  The  distillate  is  run 
into  a  graduated  cylinder,  and  when  the  temperature  of 
75°  0.  has  l>een  reached  at  the  normal  barometric  pressure 
of  7(iO  nnn.  at  least  90  c.  c.  shall  have  been  collected. 

Should  tile  barometer  varj'  from  760  mm.  during  the 
distillation,  1°  C.  shall  be  allowed  for  every  variation  of 
30  mm.  For  example,  at  770  mm.  90  c.  c.  should  have  dis- 
tilled at  75.3°.  and  at  750  mm.  90  c.  c.  should  have  dis- 
tilled at  74.7°  0. 

MisdhUifp  irifh  water. — It  must  give  a  clear  or  only 
slightly  o)>4ilescent  solution  when  mixed  with  twice  its  vol- 
ume of  water. 

Acetone  content. — It  must  contain  not  more  than  25  or 
less  than  15  grammes  per  100  c.  o.  of  ncetone  and  other  sub- 
stances estimated  as  acetone  when  tested  by  the  following 
method  (Messinger) : 
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Determination  of  a/:etone. — 1  c.  c.  of  a  mixture  of  TO  c. 
c.  wood  naphtha  with  90  c.  e.  of  water  is  treated  witli  10 
c,  c.  of  double  normal  soda  solution.  Then  50  c.  c.  of  N/10 
iodine  solution  are  added  while  shaking,  and  tlie  mixture 
made  aeid  with  dilute  sulphuric  acid  three  minutes  after 
the  addition  of  tlie  iodine.  The  excess  of  iodine  is  titrated 
back  with  N/10  sodium  thiosulphate  solution,  using  a  few 
drojts  of  starch  solution  for  an  indicator.  From  15.5  to 
25.8  c.  c.  of  N/10  iodine  solution  should  be  used  by  the 
spirit. 

The  solution  should  be  kept  at  a  temperature  between 
If)"  and  20°  C. 

Calculation:  X  =  gi"ainmes  of  acetone  in  100  c.  c.  of 
spirit. 

T  —  number  of  c.  c.  of  N/10  iodine  solu- 
tion required. 

N  —  volume  of  spirit  taken  for  titration. 

Y  X  0.0%672 
Then  X  =  


N 

Esters. — Tt  should  contain  not  more  than  5  grammes  of 
esters  per  100  c.  c.  of  spirit,  calculated  as  methyl  acetate 
and  determined  as  follows: 

Five  c.  e.  of  wood  spirit  are  run  into  a  flask,  and  10  c.  c. 
normal  sodium  hydroxide  free  from  carbonates  are  added, 
and  the  flask  connectetl  with  a  return  condenser  and  boiled 
for  two  hours.  Instead  of  digesting  at  boiling  tem)»erature 
the  flasks  may  l)e  allowed  to  stand  over  night  at  room  tem- 
]iernture,  and  tiien  heated  on  a  steam  bath  for  thirty  min- 
utes with  an  ordinary  tube  condenser.  The  liquid  after 
digestion  is  cooled  im<l  titrated  with  nonuai  sulphuric 
acid,  using  phenol) ihthalein  as  an  indicator. 
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Methyl  acetate,  grammes  per  100  c.  e.  of  spirit  = 
0.074  X  c.  c.  of  JV/soda  required  X  100 

c.  c.  spirit  taken. 

Bromine  absorption. — It  must  contain  a  sufficient  qnan- 
tity  of  impurities  derived  from  tiie  wood,  so  that  not  more 
than  25  c.  e.  or  less  than  15  c.  c.  shall  be  required  to  de- 
colorize a  standard  solution  containing  0.5  gramme  of 
bromine,  as  follows: 

The  standard  bromine  solution  is  made  by  dissolving 
12.406  grammes  of  potassium  bromide  and  3.481  grammes 
of  potassium  bromate  {which  is  of  tested  purity  and  has 
been  dried  for  two  hours  at  100°  C.)  in  a  liter  of  water. 
Fifty  p.  c.  of  the  standard  solution  containing  0.5  gramme 
of  bromine  are  placed  in  a  glass-stoppered  flask  having  a 
capacity  of  about  200  c.  c.  This  is  acidified  by  the  addition 
of  ]0  c.  0.  of  diluted  sulphuric  acid  (1  to  4),  and  the  whole 
shaken  and  allowed  to  stand  a  few  minutes.  The  wood  al- 
coiiol  is  then  allowed  to  flow  slowly  into  the  mixture,  drop 
by  drop,  from  a  burette  until  the  color  is  entirely  dis- 
charged. Tlie  temperature  of  the  mixture  should  be  20°  C. 
Tn  addition  to  the  above  requirements  the  methyl  alcohol 
must  be  of  such  a  character  as  to  render  the  ethyl  alcohol 
with  which  it  is  mixed  unfit  for  use  as  a  beverage. 

BEKZ1XE, 

The  benzine  submitted  for  ap]>roval  must  be  a  hydro- 
carbon jiioduct  derived  eitlicr  from  petroleum  or  coal  tar. 
If  derived  from  iictroleuiii,  it  must  have  a  specific  grav- 
ity of  not  less  than  0.800.  If  derived  from  coal  tar,  it 
must  liavp  a  boiling  j>oint  of  not  less  than  150°  or  more 
than  2011°  C. 

It  must  be  of  such  character  as  to  impart  a  decided  odor 
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to  ethyl  alcohol  when  mixed  with  it  in  the  proportion  of 
one-hnlf  of  one  part  by  volume. 

John  W.  Tbrees, 

Commissioner. 
Approved : 

C.  H.  Keep, 

Acting  Secretary  of  the  Treasury, 


REGULATIONS  NO.  30. 
UNITED  STATES  INTERNAL  REVENUE. 

REGULATIONS  AND  INSTRUCTIONS  CONCERN- 
ING DENATURED  ALCOHOL,  UNDER  THE 
ACT  OF  CONGRESS  OF  JUNE  7,  1906. 


September  29,  1906. 

Sec.  1.  Tlie  following  regulations  are  issued  pursuant  to 
an  act  of  tlie  Congress  providing  for  the  withdrawal  from 
bond,  tax  free,  of  domestic  alcohol  to  be  rendered  unfit  for 
beverage  or  liquid  medicinal  uses  by  the  admixture  of  de- 
naturing materials : 

The  act  in  question  is  as  follows: 

Be  tt  enacted  bv  the  Bentste  und  House  of  Representatives  of  the 
United  Utatcs  of  America  in  Congress  assembled.  That  from  and  alter 
January  first,  nineteen  hundred  and  seven,  domcBtlc  alcobol  of  sncli 
degree  of  iiroof  as  may  be  prescribed  by  tbe  Commlasloner  of  Internal 
Revenue  and  approved  by  the  Secretary  of  the  Treaaury,  may  be  with- 
drawn from  bond  without  the  payment  ot  Internal-revenue  tax,  for  tue 
In  the  arts  and  Indnatries.  and  for  Fuel,  light,  and  power,  provided 
Gnld  alcohol  shall  have  been  mixed  In  the  presence  and  under  the 
direction  of  an  authorized  Government  officer,  after  witbdraval  from 
the  distillery  warehouse,  with  methyl  alcohol  or  other  denaturing  ma- 
terial or  materials,  or  admixture  of  the  same,  suitable  to  the  use  for 
which  the  alcohol  Is  withdrawn,  liui  which  destroys  Its  character  as  a 
beverace  and  renders  It  unfit  for  liquid  medicinal  purposes;  such  de- 
TialurtnK  to  be  done  upon  the  application  of  any  registered  distillery 
In  denaturing  bonded  warehouses  specially  designated  or  set  apart  for 
denaturing  purposes  only,  and  under  conditions  prescribed  by  the 
Commissioner  of  Internal  Revenue  with  the  approval  of  the  Secretary 
«f  the  Treaaury. 
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With  the  approviil  o(  the  Secretary  of  the  Treaaurr,  may  deem  proper 
UDil  nei'essiiry  to  the  iirompt  and  efficient  operation  and  enforcemeot 
or  this  Inw.  and  for  Ihe  purchase  of  locks,  seals,  weighing  beams,  gaug- 
ing InstrunieDts,  and  for  all  necessary  expenses  incident  to  the  proper 
execulioii  of  this  law,  the  sura  of  two  hundred  and  flfty  thousand  dol- 
lars, or  so  ninch  thereof  as  may  be  required,  is  hereby  appropriated  out 
of  any  money  In  the  Treasury  not  otherwise  appropriated.  Bald  appro- 
priation to  he  fmmediately  available. 

For  a  period  of  two  years  from  and  after  the  passage  of  this  act  the 
force  authorized  by  this  section  of  this  act  ebatl  be  appointed  by  tbe 
Com niissl oner  of  Internal  Revenue,  with  the  approval  of  the  Secretary 
of  the  Treasury,  and  without  compliance  with  the  conditions  prescribed 
by  the  act  entitled  "An  act  to  regulate  and  Improve  the  civil  service," 
approved  January  sixteenth,  eighteen  hundred  and  elghty-tbree.  and 
aniendnients  thereof,  and  with  such  compensation  as  Ihe  CommlsBloner 
of  Internal  Revenue  may  fix.  with  the  approval  of  the  Secretary  of  the 
Treasury. 

See.  4.  Thiit  the  Secretary  of  the  Treasury  shall  make  full  report 
to  Congress  at  lis  next  session  of  all  appoinltnents  made  under  the 
provisions  of  (his  iict.  and  the  compensation  paid  (hereunder,  and  of 
all  re^uladons  jjresfTlbed  under  the  provisions  hereof,  and  shall  far- 
ther report  whiit.  if  any.  additional  legislation  Is  necessary.  In  his 
ojilnion,  to  fully  safeeuiird  the  revenue  and  to  secure  a  proper  enforce- 
meul  of  this  ad. 

Approved,  June  7,  190G. 

Part  I.* 
DEXATUIUXO  BONDED  AVAHEHOUSES. 

Sor.  2.  TIjc  ])roprictor  oi'  any  registered  distillerj-  may 
witlKirnw  f loin  liis  distilleiy  wnieliouse,  free  of  tax,  alco- 
hol ol'  not  less  tluni  LSI'  ilcfrrors  proof  or  strength,  to  be 
•hniatiiivil  ill  tlic  iriiiiiiK'r  lifi'cinafter  prescribed. 

A  distiller  dcsiriiifj;  to  withdraw  aicoliol  from  bond  for 
dfimtiii'injj;  ]hur|iiis(>s  under  tlit'  provisions  of  this  act  shall, 
at  liis  own  ('\|ifnse,  jirovide  a  denaturing  bonded  ■ware- 
house, to  lie  situatcti  on  and  constitntins  a  part  of  the  dis- 


•  PeraouK  di^sirlnt;  iutornmiioi]  ;ik  h»  iiiMlillertes  will  be  supplied  o 
request  with  the  proper  rcsulalioni-. 
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the  establisliment  of  the  denaturing  wan^ouse  must  be 
secured  and  entry  duly  signed  made  on  tli-  bond. 

DESATURISG  MATERIAli  ROOM* 

Sec.  4.  Tliere  shall  be  provided  within  "iie  denaturiog 
bonded  warehouse  a  room  to  be  desiguatet^  as  the  denatur- 
ing material  r<H)in.  Tins  room  is  to  be  ujed  alone  for  the 
storage  of  denaturing  materials  prior  tc  the  denaturing 
process.  It  nmst  be  iwrfeotly  secure,  And  must  be  so  oon- 
struetod  as  to  reiider  it  impossible  for  aiiyone  to  enter  dur- 
ing the  absence  of  the  officer  in  charg«  without  the  same 
Ix'ing  detected. 

■rf  iiThe  ceiling,  inside  walls,  and  floor  of  said  room  must 
he  consti'ucted  of  lii'ick,  stone,  or  tougue-and-groove  planks. 
I  f  thei'e  are  windows  in  the  room  the  same  must  be  secured 
by  gratings  or  iron  bars,  and  to  each  window  must  be  af- 
fixed solid  shiitters  of  woo<l  or  iron,  constructed  in  such 
niininer  that  they  may  be  securely  barred  and  fastened  on 
the  inside.  The  door  must  he  substantial,  and  must  be  so 
constructetl  that  it  can  be  securely  locked  and  fastened. 

Sic.  T).  At  least  two  sets  of  tanks  or  receptacles  for  stor- 
ing lU'iiaturing  material  nmst  be  provided,  and  each  set 
of  tankH  imist  be  of  sufficient  capacity  in  the  aggregate  to 
hiild  the  dfiiiituring  material  which  it  is  estimated  the  dis- 
tilli  r  will  use  for  thirty  days.  A  set  of  tanks  shall  consist 
of  one  or  more  tanks  for  storing  methyl  alcohol,  and  one  or 
nmri^  tanks  of  smaller  cai)acity  for  storing  other  denatur- 
ing materials.  The  caiiaoity  of  each  tank  must  !)e  ascer- 
tained anil  marked  in  legible  iigures  on  the  outside. 

Till'  tanks  must  not  be  connectiwl  with  each  other,  and 
niHSl  lie  so  ciinstiucted  as  to  leave  at  least  18  inches  of  open 
spai'c  between  the  t(i]i  of  the  tank  and  eeiling,  the  bottom  of 
the  tank  and  the  Hour,  and  llie  sides  of  the  tank  and  walls 
of  the  donaluring  material  room.  Kach  tank  shall  be  given  i 
a  number,  and  this  number  must  lie  marked  upon  it    There    J 
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business  of  denaturing  alcohol  he  must  make  written  ap- 
|)Iiration  to  the  i-ollector  of  the  district  in  which  the  distil- 
lery is  lociitt'd  for  the  aiiproval  of  a  denaturing  bonded 
warehouse. 

Such  application  must  give  the  name  or  names  of  the 
person,  firm,  or  corporation  operating  the  distillery,  the 
nunilier  of  the  distilleiy,  the  location  of  the  same,  the  ma- 
terial of  which  the  wareliouse  is  constructed,  the  size  of 
same,  width,  length,  and  height,  the  size  of  the  denaturing 
matorial  room  therein,  and  the  manner  of  its  constmction. 
the  capacity  in  gallons  of  each  tank  to  be  used  for  denat- 
uring alcohol  or  for  holding  the  denaturing  agents,  and  the 
material  of  which  said  tanks  are  constructed. 

Su<'!i  application  must  be  accompanied  by  a  diagram 
correctly  representing  the  warehouse,  the  mixing  tanks, 
denaturing  iiiat(>rial  room,  and  denaturing  material  tanks, 
with  all  openings  and  surroundings.  It  must  show  the  dis- 
tillciy  and  all  the  <listilleiy  bonded  warehouses  on  the 
lireniiscs.  with  dimensions  of  each. 

The  application  may  he-  in  the  following  form: 

To  loUfrlor  of ilislriit  of -. 

Sue    Tlu-  iiHilprsiiuned doing  business  under  the  name 

or  stylf  of tn»it'l>y  ninkea  apiilltutlon   for  the  approval  of  a  de- 

natnrlnB  Imnilcif  warehouse  which  he  hits  jirovtcleii  as  required  by  law, 
Bituiircd  H|inn  and  conKliliilinE  ii  jinrl  of  the  jiremlaeB  known  as  Dis- 
tlllPiy  No. ;n .  in  Ihe  tonnty  of — ,  and  State  of . 

Siild   dfnalurhiK  warehouse  Is  fonstrntted  of 


( Hn-ii'  dcKriKif  acciirjitely  ilie  denaiiii'inK  wnrehouse.  giving  the 
hciclit.  widili.  and  dc]ith;  Ihe  nitxlnf;  tank  or  tanks  and  tbe  capacity  of 
earh  in  jiullons:  iilso  Ihe  size  in  heiKhl.  wiilth.  and  depth  of  tbe  de- 
naluriiii;  inaU'rial  ntoni;  the  denHturinc  material  tanks,  and  the  ca- 
paciiy  In  KiiMonM  (if  each;  also  tht>  o|ien<nf;s  of  the  denaturing  ware- 
house and  denattirlnii  material  room.)  ■ —  , 

Distiller. 
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EXAMINIXO  OFFICKR  TO  INSPECT  WABEHOUSE. 

See.  8.  upon  receipt  of  the  application  and  aecompany- 
iii^  diagram  tlie  collector  shall  detail  one  of  his  deputies  or 
some  other  officer  who  shall  visit  the  distillery  and  make 
a  careful  examination  of  the  proposed  denaturing  bondeil 
wareliouse. 

Such  officer  shall  ascertain  whether  or  not  said  ware- 
house and  mixing  tanks  and  denaturing  material  room  and 
tanks  are  constructed  in  conformity  with  tlie  regulations, 
the  statements  made  in  tlie  api)lication,  and  the  rejiresen- 
tations  on  the  diagram. 

Sec.  9.  Tf  the  deputy  collector  finds  that  tiie  statements 
in  the  apj)iicHtion  are  true  and  that  the  denaturing  ware- 
house and  material  room  are  constructed  in  confonnity 
with  the  law  and  regulations,  he  shall  make  report  and  re- 
commendation in  the  following  form: 

I  hereby  certify  that  1  have  vialted  the  tllatlllery  iiremlsea  deacrilKd 
In  the  foreeolns  apiilicalion  (or  the  approval  of  a  warehouHe  In  whlrh 

to  denature  alcohol  by  proprietor  of  aiatillery  No.  In  the 

district  of and  have  carefully  examlaed  the  iiropoaed  warehouae 

and  mlxlni;  tanks,  and  the  denaturing  material  room  and  tanka:  IhHt 
1  have  measured  said  warehouse,  room,  and  tanka;  that  I  have  exam- 
ined said  distillery  premlxea.  and  ihe  dlalillery  iind  dlxilllery  honded 
warehouses  located  thereon,  and  have  found  the  Htatementa  and  repre- 
sentations made  in  the  application  and  dIaKram  hereto  attached  to  iHr 
In  every  reaped  true  and  correct. 

I  find  that  said  proposed  denaiiirlnK  warehouse,  mlxlnic  rankx.  de- 
naturing material  room,  and  denatnrInK  material  tanha.  and  every- 
thing  connected  with  the  name  are  conatrucied  In  atrlcr  conformity 
-with  all  requirements  of  the  law  and  reKuliiilona, 

I  recommend  that  sa.d  denaturing  warehouw;  !»■  approved. 


llppvljl  fi.lfilor  IliMlriit  • 

This  report  shall  he  Hffi\<-il  lo  the  appli'-iition. 


Sec.  10.  ' 
and  if,  after 

Iiouse  and  all  its  parts  are  constructed  in  conformity  with 
the  law  and  regulations,  he  shall  indorse  his  approval  on 
the  application  and  shall  transmit  the  original,  together 
with  the  diagram,  to  this  office. 

If  the  CommissioMr  of  Internal  Revenue  is  satisfied, 
Jitter  examining  the  application  and  reports,  that  the  de- 
naturing warehouse  is  situated  and  constmeted  in  compli- 
ance with  the  law  and  regulations,  he  shall  approve  same 
and  notify  the  collector  of  said  approval. 

DKNATIRINQ   WAREHOUSE  BOKD  TO   BE  GIVEN. 

Sec.  11.  After  receipt  of  notice  of  the  approval  of  said 
warehouse  the  distiller  may  withdraw  from  his  distillery 
wareliouse,  free  of  tax,  alcohol  of  not  less  tlian  180  degrees 
proof  or  strengtli,  and  may  denature  same  in  said  denatur- 
ing warehouse  in  the  manner  hereinafter  indicated,  jiro- 
vided  he  shall  first  execute  a  bond  in  the  form  prescribe<l  by 
the  ('oiiiiiii.«siouer  of  Internal  Revenue,  with  at  least  two 
sureties  uulet-s,  under  the  authority  contained  in  an  act  ap- 
proved August  13,  1894,  a  corporation,  duly  autliorized  by 
tho  Attorucy-Cieneral  of  the  United  States  to  become  a 
surety  on  such  bond,  shall  he  offered  as  a  sole  surety  there- 
on. The  bond  shall  bo  for  a  penal  sum  of  not  less  tlian 
double  the  tax  on  the  alcohol  it  is  estimated  the  distiller 
will  denature  during  a  period  of  thirty  days,  and  in  no 
case  is  the  distiller  to  withdraw  from  bond  for  denaturing 
purposes  and  have  in  his  denaturing  warehouse  in  process 
of  denaturation  a  quantit>'  of  alcohol  the  tax  upon  which 
is  in  excess  of  the  penal  sum  nf  the  l)ond. 

Sec.  12.  If,  at  any  time,  it  should  develop  that  the  de- 
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principal  sball  in  tbe  transferring  from  dletlllery  warehouse  to  dena- 
turing warehouee,  and  In  the  handling  and  dlaposlng  of  said  alcohol, 
comply  wllh  all  the  law  and  r^ulatlona  aforesaid;  if  he  ahall  pay  ihe 
tax  of  one  dollar  and  ten  cents  per  proof  gallon  on  all  alcohol  with- 
drawn by  him  from  distillery  bonded  warehouse  free  of  tax  for  de- 
naturing iiurposea  and  disposed  of  in  any  manner,  either  In  tranall 
from  the  distillery  bonded  warehouse  to  the  denaturing  warehOQSe  or 
after  It  has  been  deposited  In  the  denaturing  warehouse,  without  first 
having  denatured  F«ld  alcohol  In  such  manner  as  may  hare  been  pre- 
ecribed  by  ihp  Commissioner  of  Internal  Revenue,  with  the  approval  of 
the  Secrelary  of  tbe  Treaaurj'.  and  (f  be  shall  pay  all  penalties  In- 
curred by  him  and  all  fines  Imposed  on  blm  for  violation  of  any  ot 
the  jirovistons  of  the  law  relating  to  the  withdrawal  of,  transferring 
of.  denaturing  of.  nnd  disposing  m}teT  denaturatlon  of  alcohol,  with- 
drawn free  of  lax,  then  this  obligation  Is  to  be  void,  otherwise,  to  re- 
main In  full  force  and  effect. 


Sec.  14.  The  colleotor,  upon  receipt  of  the  boud,  shall 
I'xaiiiine  same  and  investigate  as  to  tlie  sureties  thereon. 

If  he  finds  the  bond  jn'operly  executed  and  the  sureties 
siifRcient,  lie  shall  ap])rove  the  bond,  and  thereafter,  during 
tlic  life  of  the  bond,  the  distiller  may  witlidraw  from  his 
distillery  wareliouse.  free  of  tax.  alcoliol  to  he  denatured 
under  such  regulations  as  may  hereinafter  be  prescribed. 

CONDITIONS  UKIIEU  WIERII  AIX'<)H()L  IS  WITHDRAWN. 

Sec.  15.  Not  less  than  three  hundred  (300)  wine  gallons 
of  alcoliol  can  he  withdrawn  at  one  time  for  denaturing 
purposes. 

When  a  disfilk-r,  who  is  a  jHoducer  of  alcohol  of  not  less 
than  IKli  degrees  jiroof  aud  who  lias  given  the  denaturing 
warehouse  bond  as  aforesaid,  desires  to  reinove  alcohol 
from  the  distillery  bonded  warehouse  for  the  purpose  of 
denaturing,  lie  will  himself,  or  by  his  duly  authorized 
agent,  file  with  the  eolleetor  of  infernal  revenue  of  the  dis- 
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trict  in  which  tlie  distiller>'  is  located,  the  following  notice 
in  triplicate: 


,  ,  190—. 

Collector District  of 

Sib:  The  uoderslgned  dlsllller  and  owner  of packages  ot  alco- 
hol, the  serial  numbers  o[  which   are  ,  produced  at   distillery 

No. ,  In  the district  ot ,  and  now  stored  In  the  distillery 

bonded  warehouse  No. at  eald  distillery,  desires  to  withdraw  same 

under  section  1  of  the  act  of  June  T.  1906,  for  denaturing  purpoaee, 
and  requests  that  said  spirits  he  regaged.* 
Respectfully, 

,  Distiller. 

Sworn  to  before  me  this day  of ,  190 — . 

.      [SEAI.] 

Tpon  the  recejit  of  such  notice  the  collector  will  at  onoe 
ajiiiend  to  each  copy  the  following: 

ruLLKCmB'R  ORDER  TO  OAL'OEB. 

OmcE  OP  Collector  of  Ixterkal  Revesde, 

District,  . 

Stb;  You  will  proceed  to  distillery  warehouse  No.  ,  of  , 

at  ,  and  there  Inspect  and  gauge,  according  to  law  and  regula- 
tions, the  alcohol  which  ■  desires  to  withdraw  and  transfer  to  de- 
naturing bonded  warehouse,  and  you  will  mark  upon  each  package  so 
vegaged  the  number  of  wine  gallons  and  proof  gallons  therein  con- 
tained, and  you  will  make  report  of  your  gauging  on  the  certificate 
hereunto  appended,  and  sign  and  deliver  same  to  applicant. 

Collector. 

Sec.  16.  Upon  the  receipt  of  the  foregoing  the  officer 

designated  will  at  once  proceed  carefully  and  thoroughly 

to  inspect  each  package,  ascertaining  the  actual  wantage, 

]i!oof.  and  contents  witliout  reference  to  the  marks  on  the 

•If  spirits  are  withdrawn  same  day  as  entered  omit  regale. 
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t-asku.  In  case  tlie  spirits  are  withdrawn  on  day  of  entry. 
Tfgauge  is  not  necessan*.  and  the  entry  gauge  shall  be  ac- 
oepted.  He  will  make  return  on  each  copy  of  the  order  for 
ins]iection  Id  the  following  form : 


I  berebf  certify  that  purauuit  to  the  above  order  the  follovlng-de 

Mribed  apintB  deposlied  fn  dlatlllery  bonded  warehouse  No.  by 

on  the day  of 190 —  have  been  Inapected  and 

ganged  br  me  this day  of 190 —  and  found  to  be  aa  rollowi: 


Wbeu  Ilc|H>iiled  In  Wuebouve. 


Mr  wnhdiawalls  Hade. 


I  IW 


& 


Ami  I  fiirtlipr  certify  that  the  difference  between  the  quantity,  as 
Hhn«n  ))y  the  mark.s  and  Biamps  on  Ihe  caek  and  the  quantity  as  showa 
by   my   Inijppi-tldn.   nia<le   in    jiursiiance   of   Ihe   above   order,   ia  

wlnt'. —  iiroof,  and  ■  ■■  —  taxable  gallons. 

V.  B.  Qougtr. 

T'pon  icc('ii)t  of  tliP  gaiicer's  report  the  distiller  will  in- 
dorse tlu'n-nii  all  (■iitiy  for  witlidrawal  for  transfer  to  de- 
jiHtiiriiij;  lunidod  wai-ohoiise,  wliieh  shall  be  in  the  following 
form : 

DisTBicT,  State  ok . 

■ .  IM— . 

The  niiiUTiilKneil  reqncsis  tlint  1ht>  s|iirlls  described  in  the  faregolog 
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cerilflcate  and  report  of  gauger,  now  in  dietlllery  bonded  warehouse 

No.  .  owned  by  ,  and  situated  In ,  county  of  , 

State  of ,  In  the diBtrlct  of  said  State,  may  be  traneterred 

thereFrom  and  delivered  Into  the  denaturing  bonded  warehouse  situated 
at  my  seld  distillery,  to  be  denatured  under  the  provlalons  of  the  act 
of  June  7,  ISOfl. 


Marin  and 
M  umber  n(       Serial 
Fufkage*. ' 


Degitieot     Ptoof      Taxable    Aniinin 
" '       aalloDS.  GalUnu.  of  Tai. 


TAX  COLLECTED  ON   DEFICIENCY. 

Sec.  17.  Upon  receipt  of  the  foregoing  entry  for  with- 
drawal, the  collector  sliall  examine  same,  and,  if  it  shall 
appear  from  the  report  of  regauge,  as  made  by  the  ganger, 
that  there  is  an  excessive  loss  in  any  package,  under  the 
provision  of  tlie  act  of  August  28, 1894,  as  amended  by  act 
of  March  3.  1899,  then  tlie  collector  shall  collect  the  tax  on 
such  deficiency  and  shall  indorse  upon  each  copy  of  the 
order  for  inspection  permit  for  the  delivery  of  the  spirits 
to  he  transferred  to  denaturing  bonded  warehouse  in  the 
following  fonn: 

OFfICK  IW   COLLECTOB   OF    INTKBNAI.   REVENUE, 

—    DiHTKICT  OF   THE    STATE   OF   , 

.    ,    190—. 

Silt:   The  tas  on  gallons  of  the  deficiency  ot  gallons 

ascertained  under  section  50  ot  the  act  August  28.  1S94,  aa  .iinended, 

as  shown  bj  the  accompanylnj;  report  of gauger.  having  been  paid 

to  nie  and  good  and  aufflcient  denaturing  bond,  dated  .  190 — , 

having  been  executed  as  required  by  law  and  filed  li)  this  office,  said 
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bond  coverlni;  nil  diBtllled  eplrlts  to  be  transferred  from  dlstilleir 
bonded  warehouse  to  deoaiurlng  bonded  warehouse  for  denaturing  par- 

IHHies,  you  arp  hereby  directed  to  deliver  said  spirits  to  to  be 

triin^ferved  by  hini  In  your  presence  and  under  your  supervision  to 

the   denaturing   bonded    warehouse  of   Baid   on    his    distillery 

premises. 

The  gauger  will  afOic  the  proper  marks  and  brands  In  your  presence. 
,  Colleitor. 

To ,  Storekeeper. 

SI'IRITS  TKASSFEHRED   TO   BE   MARKED. 

Upon  receipt  of  the  permit  by  tlie  storekeeper  the  pack- 
agfs  of  distilled  spirits  described  iu  notice  of  iutention  to 
withdraw  may  be  witlidrawn  from  distillery  bonded  ware- 
Jioiise  without  the  payment  of  the  tax,  and  may  be  trans- 
ferred to  the  denaturing  bonded  warehouse  on  the  distiller}" 
lircmiaes;  but  before  the  removal  of  said  spirits  from  the 
(Hslillery  bonded  warehouse,  the  gauger,  in  addition  to 
marking,  cutting,  and  branding  tlie  marks  usually  required 
on  witliilrawal  of  spirits  from  warehouse,  will  legibly  and 
duraltly  mark  on  the  head  of  each  package,  in  letters  and 
figures  not  less  than  one-lutlf  an  inch  in  length,  the  number 
of  i>rotif  gallons  then  ascertained,  the  date  of  the  collector's 
pennit,  tlie  object  for  whicli  the  s])irits  were  withdrawn, 
and  his  name,  title,  and  district. 

SucUadditional marks  may  l>e  as  follows: 

withdrawn  uniler  permit  issued  Jan'y  10,  1907 

For  Denaturing  Purposes 

Proof  giillons.   S4 

William   W'illiams,  II.  S.  Gauger, 

5th  Dlst.  Ky. 

KNTHIKS  IN   ItKCORD  IS  AND  K!i;R)RTS  86  AND  87. 

Sec.  18,  In  his  record  IS  the  storekeeiwr  will  enter  said 
Itackagcs  of  sjiirits  in  red  ink  and  will  show  that  they  were 
withdrawn  free  of  tax  for  denaturing  purposes.    The  store- 
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keeper's  reports  od  Forms  86  and  87  shall  also  show  that 
the  spirits  were  withdrawn  for  denaturing  purposes  and 
without  the  payment  of  the  tax  under  the  provisions  of  the 
act  of  June  7, 1906. 

Immediately  upon  the  withdrawal  of  the  spirits,  as  above 
indicated,  the  storekeeper  will  transmit  the  duplicate  per- 
mit to  the  eolleetor,  who  will  note  upon  the  original  permit 
in  his  possession  the  withdrawal  of  the  spirits  therein  men- 
tioned. 

collector's  94a, 

See.  19.  The  collector  will  take  credit  for  all  spirits  so 
withdrawn,  on  the  appropriate  line  of  his  bonded  account 
(Form  94a),  for  the  month  during  which  such  withdrawals 
were  made. 

He  will  also  make  proper  entry  on  the  inside  page  of  that 
account  as  to  the  quantity  covered  by  each  permit,  and  will 
forward  each  of  such  duplicate  permits  {with  the  distiller's 
entry  for  withdrawal)  with  his  bonded  account  as  a 
voucher  for  such  entry. 

SPIRITS    TBANSKERBED   TO    DENATDRING    BONDED    WABEHOUSE. 

8ec.  20.  When  the  packages  of  spirits  are  marked  and 
branded  in  the  manner  above  indicated  they  shall  at  once 
in  the  presence  and  under  the  supervision  of  the  store- 
keeper, be  transferred  to  the  denaturing  bonded  warehouse. 

RECORD    OF    SPIRITS    BECEIVED    IN    DENATUBINQ    BONDED    WABE- 
HOUSE. 

Sec.  21.  The  officer  in  charge  of  the  denaturing  bonded 
warehouse  shall  keeji  a  record  of  the  spirits  received  in  said 
denaturing  bonded  warehouse  from  the  distilleri-  bonded 
warehouse  and  the  spirits  delivered  to  the  distiller  for  de- 
naturing porposes. 
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Upon  the  ilebit  eide  of  said  record,  in  columns  prepared 
for  the  pur]>06e,  there  shall  be  entered  the  date  when  any 
distilled  spirits  were  received  in  denaturing  bonded  ware- 
liouse,  the  date  of  the  collector's  permit,  the  date  of  wlth- 
dniwal  from  distilleni'  bonded  warehouse,  the  number  of 
packages  received,  the  serial  numbers  of  the  packages,  the 
serial  umnbers  of  the  distillerj'  warehouse  stamps,  and  the 
wine  and  proof  gallons. 

Upon  the  credit  side  of  said  record  shall  be  entered  the 
date  when  any  spirits  were  delivered  to  tlie  distiller  for  de- 
naturing purposes,  the  date  of  the  collector's  permit  for 
withdrawal,  the  date  of  withdrawal  from  distillery  bonded 
waiehouse,  the  number  of  packages  so  delivered,  the  serial 
numbers  of  the  ))aekage8,  the  serial  numbers  of  the  disUl- 
leiy  warehouse  stamps,  and  the  wine  and  proof  gallons. 

Immedialely  ni>on  the  receipt  of  any  distilled  spirits  in 
the  denaturing  bonded  wareliouse,  and  on  the  same  day 
upon  which  they  are  received,  the  officer  must  enter  said 
sjiirits  in  said  record. 

Likewise,  on  the  same  date  upon  which  any  spirits  are 
delivered  to  the  distiller  for  denaturing  purposes,  said 
spirits  niupt  he  entered  on  said  record. 

Sec.  '2-.  A  balance  nmst  be  struck  in  the  record  de- 
scrilMMl  ill  alwve  section  af  the  end  of  the  month  showing 
the  uunibcr  of  packages  and  tjuantity  in  wine  and  proof 
Sallons  of  spirits  on  liand  in  packages  on  the  first  day  of 
the  month,  the  number  of  jmckagcH  and  quantity  in  wine 
iiiid  proof  gallons  received  during  tlie  montli,  the  number 
of  packages  and  quantity  in  wine  an<l  jiroof  gallons  deliv- 
ered to  the  distiller  during  the  montli,  and  the  balance  on 
lini'd  in  packages  and  wine  and  proof  gallons  at  the  close 
<if  tlie  month. 

HETIRX    ON    FORAf  8Gb. 

Sec.  "2.3.  On  all  days  on  which  any  spirits  are  entered 
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.MONTHLY   RKTl'KN   OK   Sl'lRlTB   ENTEBKD   IN    WAREHOUSE  AND 
IlKUVERED  TO  DISTILLER. 

Soi'.  24.  The  officer  in  charge  of  the  denaturing  Ixinded 
waii'liuuse  must  also  make  in  duplicate  at  the  end  of  eaoli 
muntii  and  forward  to  the  Collector  of  Internal  Keveime  a 
muiitlily  ri'liirii  to  he  a  transcript  of  and  to  be  made  up 
froui  the  officer's  ifcord  18b. 

Siiid  return  must  sliow  in  detail  the  spirits  deposited  in 
the  (U'liaturing  hoiided  warehouse,  also  the  spirits  <lelivere<i 
to  the  distillei'  for  denaturinji;  imrposes  and  the  spirits  re- 
inaiiiitij;  In  the  denaturing  bonded  warehouse  at  the  end  of 
the  month.  Separate  entries  must  be  made  of  each  day's 
work  iiiiil  the  spirits  must  be  described  in  the  same  nian- 
nci-  as  they  are  in  the  rotuni  8()b  and  the  book,  Fonn  18b. 

OFKICE  FORM  15b. 

Sec.  J.").  ColJeetors,  in  whose  districts  alcohol  is  being 
withdrjiwii  fioiii  bond  for  denaturing  purposes,  shall  pro- 
vide tlicmsi'lvc's  with  a  record  (Office  Fonn  15b)  in  which 
sliiill  in-  ki'pf  the  individual  account  of  each  distiller  in  the 
district  wlui  li;is  ijualifii'd  for  the  purpose  of  denaturing  al- 
t-olidj.  'i'bis  record  is  lo  be  miide  u))  from  reports  on  Fonn 
>^7li.  11  must  show  the  (late  njion  whirli  nny  spirits  were 
rle|iiisi(cd  in  ilcnatni'ing  warehouse,  the  serial  numbers  of 
llii'  piK'knsics  deposited,  the  numl»er  of  packages  and  the 
lii'iinf  milioris.  Said  reeord  must  likewise  show  in  detail 
llic  deliveii<;s  to  the  distillers  for  denaturing  purposes. 


:i.v  iii;NATiiii:n 


See,  •2i>.  L'nless  otJiei'wisc  sjieeiallv  provided,  the  agents 
used  for  denatuiing  aleolntl  wiljidrawn  from  bond  for  de- 
naturing ]iuiposcs  shall  eonsist  of  methyl  alcohol  and  beu- 
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port  of  non-appro\'al,  i>eruiit  the  distiller,  provided  he  de- 
sires, to  treat  or  manipulate  the  proposed  denaturant  so  as 
tt)  render  it  a  competent  denaturant.  In  suoh  case  another 
sjuiip])^  must  be  submitted  for  approval.  If  tlie  distiller 
dofs  not  desire  to  further  treat  tlie  denaturant,  the  officer 
sliiill  reijuire  him  immediately  to  remove  the  contents  of 
the  tank  from  the  premises. 

BKCUKD  OF  DBKATUBAHTS   BECEITED. 

Sec.  "28.  The  officer  shall  keep  a  denaturing'  material 
Tooni  record.  Tliis  record  shall  show  all  material  entered 
into  and  removed  from  tlie  denaturing  material  room. 

There  sluill  be  pro])er  columns  on  the  debit  side  in  which 
are  to  be  ciit^'red  the  date  when  any  material  is  received, 
the  name  and  residence  of  the  person  from  whom  received, 
tlie  kind  of  material,  the  quantity  in  wine  gallons,  and,  if 
metliyl  alcohol,  iu  proof  gallons,  the  date  upon  which  the 
material  was  dumped  info  the  tank,  the  number  of  the  tank, 
tlie  date  u]>on  which  sample  was  forwarded,  and  the  num- 
ber of  the  simi|ile.  and  the  result  of  the  official  test. 

On  the  rn'tfif  side  of  said  record  shall  be  entered,  in  pro- 
per cuhnuiis,  file  date  u^Kin  which  any  material  was  re- 
moved from  the  denaturing  material  room  for  denaturing 
pur]  loses,  the  kind  of  material,  the  number  of  the  tank 
frinn  which  taken,  the  number  of  tlie  sample  representing 
the  tank  anil  sent  for  official  test,  the  number  of  wine  gal- 
lons, and,  if  methyl  alcohol,  the  number  of  proof  gallons. 

MOXTEII.Y    KKTIliXS    Ol"   DENATURANTS   IlECEIVED. 

Sec,  li!i,  A  Iiahincc  shall  lie  stiiick  iu  this  record  at  the 
oud  of  each  month  whereby  sliall  be  shown  the  quantity  of 
material  of  each  kind  on  band  in  the  denaturing  materia! 
room  on  the  first  day  of  the  month,  the  quantity  received 
during  the  month,  the  quantity  rejected  and  removed  frwii 
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<il'  said  pnt'kages  wlien  dmiii)od  for  denaturing  purjwsw 
inilt'Ks  it  slioiihl  iiiipcar  from  a  8i>ecial  showing  made  by 
tlic  distilU-r  that  tliere  lias  l)eeii  an  accidental  loss  siuce 
willidrawnl  from  distillerj-  l)Oiide<l  warehouse. 

riiiiii  receipt  of  tliis  notice  the  officer  in  charge  of  the 
(Iciiatiii'iiig  wareliouue  shall,  in  case  of  the  j>ackages  of 
iilcniuil,  ins|ii«'t  same  carefully  to  ascertain  whether  or 
not  tlicy  arc  the  luickagts  described  in  the  distiller's  niv 
tire.  He  will  then  cut  out  that  jiortion  of  tlie  warehouj>e 
sliiitip  upon  wliich  is  sliown  tlie  serial  number  of  the  stamp. 
Ilic  iiaiiK'  of  tlic  distiller,  the  proof  gallons,  and  the  serini 
uiiiTihcr  of  the  jiackagc.  These  slips  must  be  securely  fa.<- 
1i  iifd  to  the  form  whereon  tlie  gauging  is  reported  aud 
sent  l>y  llie  offit-tT  willi  his  return  to  the  collector. 

IIIANSKKH   (H-   DKXATnUNTS  TO    MIXING    TASKS. 

Sie.  :!_'.  The  distiller,  unless  pijies  are  used,  as  herein 
|ji.)\-iilril.  sliiill  jii'o\'iile  suitable  gaged  receptacles,  metal 
dniiiis  heiii.ir  prerernd.  with  which  to  transfer  the  denatur- 
iiiir  iiireiils  iVoiri  (lie  material  tanks  to  the  mixing  tanks. 
Tlifsi-  rici'ptaeles  must  be  iiuiiibored  serially  and  the  nuui- 
1^  r.  the  i-;ip!ii-ity  in  jialhnis  and  fractions  of  a  gallon,  tlic 
luiiiif  "l'  iln-  disliiicr.  and  the  nunilwr  of  the  deuaturiiij: 
hnrnled  w;ircli.)iisi>  niaT'ked  thereon  in  durable  letters  ami 
filI.■nn■^.  Thiy  shall  U-  nsed  for  transferring  denaturing 
itiaii'iial  I'roMi  the  nialeiinl  tanks  to  the  mixing  tanks  an<l 
lin'  till  nllii  r  purpose.  The  distiller  nuist  also  jirovide  suit- 
ahje  :ippri>vcd  sealed  ini'asnres  uf  smaller  capacity.  Tltf 
ii;tiii;ed  leeeptarles  ale  to  lie  used  where  the  (|uantity  to  Ik' 
liaiislVin  d  aminmls  l.i  as  nnuli  as  the  ea])acity  of  tlif 
Muajh'>l  uaii.iretl  n-ei  pta<-h>  in  the  warehouse.  The  mea.-;- 
iiii'S  are  l<i  he  used  only  when  the  i|na!itity  of  material  1" 
he  liaiislVrred  is  le>s 'than  the  rapacity  of  the  siualKst 

See.  :!:!.  The  distiller  may  provide  metal  pil>ea  connect- 
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until  a])pliances  liave  been  provided  whereby  the  exact 
quantity  of  denaturants  used  may  be  ascertained. 

The  distiller  must  provide  all  scales,  weighing  beams, 
and  other  ai)pliaiices  necessary  for  transferring  the  dena- 
turing materials,  gauging  or  handling  the  alcohol,  or  test- 
ing any  of  the  measures,  receptacles,  or  gauges  used  in  the 
warehouse,  and  also  a  sufficient  number  of  competent  eiii- 
I)loyees  for  the  work. 

CONTENTS  OF  MIXING  TANK  TO  BE  PLUNGED. 

See.  35.  The  exact  quantitj^  of  distilled  spirits  contained 
in  the  i>a(»kages  covered  by  the  distiller's  notice  having 
been  ascertained  by  the  officer  and  the  spirits  having  been 
dui!ii)ed  into  the  mixing  tank,  and  the  quantities  of  the 
Severn  1  denaturants  prescribed  by  the  regulations  having 
b(»en  ascertained  by  calculation  and  added  as  above  pro- 
vided to  the  alcohol  in  the  mixing  tank,  the  officer  must 
cause  the  contents  of  the  tank  to  be  thoroughly  and  com- 
pletely ])lunged  and  mixed  by  the  distiller  or  his  eni- 
])loyc»es. 

OFFICKK  TO   MAKE  RETURNS  OF  DUMPED  MATERIAL. 

See.  »]().  The  officer  will  make  return  on  the  proper  fonii, 
wherein  lie  will  show  the  number  of  packages  of  distilled 
si)irits  insi)eeted  by  him  and  dum])ed  in  his  presence  hy 
the  distiller,  the  serial  numbers  of  said  ])ackages,  the  serial 
numbers  of  the  wai'ehouse  stami)s  affixed  to  said  i)ackages, 
the  proof  gnllon  contents  of  said  yjackages,  and  the  name 
of  the  ^an^er  who  made  the  withdrawal  gauge. 

Ife  shall  also  re])ort  on  said  form  the  number  of  drums 
of  the  sev(  inl  kinds  of  denaturants  gauged  by  him  and 
dum])e(l  in  his  ])i'esenee,  the  serial  numbers  of  said  drums, 
the  onantity  in  wine  gallons,  and,  in  the  case  of  wood  alco- 
hol, the  quantity  in  jiroof  gallons  of  each  kind  of  denatur- 
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liol  drawn  off  into  packages  and  gauged,  be  shall  prepare 
a  iwiiu-st  for  sucli  gauge  on  the  proper  form.  The  request 
shall  state  Jis  aecurately  as  practicable  the  number  of  pack- 
ages to  l>e  (irawn  otT  and  tlie  number  of  wine  and  proof 
gallons  <'onteiitfi  tliereof. 

This  notice  shall  l)e  directed  to  the  collector  of  internal 
revenue,  but  shall  lie  lianded  to  the  officer  on  duty  at  the 
deniitni'iug  bonded  warehouse. 

Sec.  41.  If  the  officer  shall  find  u}>on  examination  of  the 
I'loiKT  record  that  there  should  be  on  hand  the  quantity 
of  denatured  alcohol  covered  by  said  notice,  he  shall  pro- 
ceed to  gauge  and  stamp  the  several  jmckages  of  dena- 
tured alc()hoI  in  the  manner  liercin  prescribed,  and  shall 
make  report  tliereof  on  the  iiroper  fonn. 

Ill  no  case  will  the  officer  gauge  ami  stamp  denatured 
idciiliol  tlic  tnlal  (|iiaritity  in  wine  gallons  of  which  taken 
fogctlier  with  any  rciniiant  thai  may  I>e  left  in  the  dena- 
liiriiiii:  Ijuik  ('\ccc<ls  in  wine  gallons  the  sum  of  the  quan- 
lity  ol'  (listiiicl  spirits  and  denatiirants  dumped  on  that 
.[jiv  and  any  lemuaut  hrouglit  over  from  j)revious  day. 

imw  i>r,NATri!Kii  ai-cohih.  siiaij^  be  gauged. 

Sec.  4:^.  Tlio  gauging  of  denatured  alcohol  shall,  whore 

il  is  piacticalilo.  be  Ijv  wciglit.  The  officer  shall  ascertjiin 
tin'  tare  by  jictunlly  weighing  each  package  when  empty. 
Then,  after  I'arli  paekjijif  lias  liccn  liMcd  in  his  ]n-esenee, 
jie  shall  a.-ieeitiiin  tlie  gr.iss  weight,  and,  by  applying  the 
liire.  the  u.-t  weiiiht. 

He  shall  llicn  aseerlairi  llie  prool'  in  the  usual  manner, 
jin.l  li\'  iitiiilying  the  prool'  lo  tlic  wine  gallons  content  tho 

The  rciriilalions  relating  In  the  gauging  of  rectified  spir- 
its, so  t'a?'  as  tbey  ai>ply  lo  ainiarent  proof  and  apjiarent 
Ijroof  gallons,  sliall  apply  to  »h-nalurcd  spirits.  AVhcre  it 
is  for  any  reason  not  practicable  lo  gauge  denatured  alco- 
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tnred,  and  tlie  district  and  State  :n  which  it  is  located,  the 
date  iiix)n  which  the  contents  of  the  package  were  dena- 
tured, and  the  serial'  number  of  the  denatured  alcohol 
stamp. 

PACKAGES   TO   BE   NUMBERED   SERIALLY. 

Sec.  45.  Packages  of  denatured  alcohol  must  be  num- 
bered serially  as  they  are  withdrawn  and  gauged.  The 
serial  number  for  every  denaturing  bonded  warehouse 
must  begin  with  number  1  with  the  first  cask  denatured, 
and  no  two  or  more  packages  denatured  at  the  same  dena- 
turing bonded  warehouse  shall  be  numbered  with  the  same 
number.  A  change  of  person  or  persons  operating  a  dis- 
tillery and  denaturing  bonded  warehouse  will  not  be  taken 
to  require  a  new  series  of  numbers  for  the  packages  of 
spirits  thereafter  denatured  at  such  warehouse. 

STAMPS   FOR  DENATURED  ALCOHOL. 

Sec.  46.  The  following  form  of  stamp  for  denatured 
alcohol  is  hereby  prescribed : 


STAMP    FOR    DKNATrRED    AIXOHOL.    NO. 


Issued  by ,  collector  of  the district,  State  of 

to ,  denatiirer  of  alcohol  in  said  collection  district, 

,  li» — ,  proof  gallons, wine  gallons. 


U.  8.  Officer, 

Those  stamps  are  to  he  made  of  white  paper,  the  letter- 
ing to  be  red.  Tlioy  are  to  bo  bound  in  book  form,  each 
book  containing  150  stamj)?,  only  one  denomination  being 
contained  in  oacli  book.  The  denominations  are  to  be  5, 
10,  20,  30,  40,  50,  r>0,  70,  80,  1)0,  TOO,  110,  120,  and  nO  gal- 
lons, ros]ieotivoIy,  with  jn^opor  numl)er  coupons  attached 
to  each,  and  each  cou]ion  re]irosenting  one  gallon. 

In  using  the  coupons  on  said  stami)s  the  same  rule  will 
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the  officer  in  charge  of  the  warehouse.'  If  it  becomes 
iiecessaiy  for  him  to  leave  the  denaturing  bonded  ware- 
house during  the  process  of  denaturing,  he  must  close  and 
h)ck  all  oi>enings  to  said  tank  and  must  retain  the  key  in 
his  possession,  and  all  otlier  persons  must  leave  the  build- 
ing. 

When  the  work  of  the  dav  is  done  the  officer  must  ascer- 
tain  the  (juantity  in  wine  and  proof  gallons  of  any  rem- 
nant of  denatured  alcohol  that  may  be  on  hand,  and  on 
each  day  before  any  further  denaturing  is  done  he  must, 
before  anything  is  dumped  into  the  denaturing  tank,  ascer- 
tain the  (|uantity  in  wine  and  proof  gallons  of  any  rem- 
nant that  may  be  in  the  tank. 

KECORD  OK  OPERATIONS  T(^   BE  KEPT  BY  OFFICER. 

Kec.  50.  The  officer  assigned  to  duty  at  the  denaturing 
bonded  warehouse  shall,  in  a  book  prescribed  for  that  pur- 
pose, kw])  a  tnie  and  (*orrect  record  of  the  operation  at 
said  denaturing  bonde<l  warehouse. 

Said  book  shall  show  on  the  debit  side,  in  the  case  of 
(listillcMl  s|)irits,  the  (lat(^  u])on  which  the  spirits  were 
(himjicd,  the  number  of  packages  dumped,  the  serial  num- 
beis  of  said  ])ackages,  the  serial  numbers  of  the  warehouse 
stani|>s,  the  date  of  permit,  the  date  of  withdrawal  from 
tlu»  (listill(M  y  warehouse,  the  name  of  the  officer  who  mad:> 
the  withdrawal  i»;au.iX(',  th(^  wine  gallons  and  proof  gallons. 
In  the  ease  of  denatuiing  agc^its.  said  record  nnist  show 
on  said  (hhli  side  the  date  on  which  said  denaturing 
agents  were  duin])ed,  the  kind  of  material,  the  nund)er  of 
th(^  denatniint''  tank  from  which  taken,  the  tank  sample 
nuinixM"  of  the  denaturant,  the  date  upon  which  the  sam])le 
was  insp(  eted,  th<^  (juantity  in  wine  gallons,  and,  if  methyl 
ah'ohol.  the  (juantity  in  ])roof  gallons  dum])ed. 

If  tiiere  is  nioi'e  than  one  duni])  made  during  the  day 
.separate  entries  must   be  nuide  Uw  each  dump,  but  the 
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BECORD  SHOWIKO  ALCOHOL  RECEIVED  AND  DISPOSED  OF  TO  BE 
KEPT  BY  DISTILLER. 

See.  52.  The  distiller  must  keep  a  record  (Form  52d 
and  52e)  in  which  he  shall  show,  respectively,  all  dena- 
tured alcohol  received  from  the  officer  in  charge  of  the 
warehouse  and  disposed  of  by  him. 

Upon  the  "Received"  side  he  shall  enter  the  date  npon 
wliieli  lie  receives  any  denatured  alcohol  from  the  denatur- 
ing bonded  wareliouse,  the  number  of  packages  received, 
the  serial  numbers  of  the  packages,  the  date  upon  which 
the  alcohol  was  denatured,  the  name  of  the  officer,  the  kiod 
and  ijercentage  of  the  denaturants  used,  the  serial  nam- 
her  of  tlie  denatured  alcohol  stamp,  and  the  aggregate 
wine  aud  jtroof  gallons.  These  entries  must  be  made  oh 
the  same  day  tlie  denatured  alcohol  is  received. 

On  the  "disiKDsed  of"  side  the  distiller  must  show  the 
date  upon  which  lie  disposes  of  any  denatured  alcohol,  the 
name  and  address  of  tlie  person  or  firm  to  whom  sold  or 
deliveied,  if  a  manufacturer,  the  kind  of  a  manufacturer, 
the  kind  and  (lercentage  of  the  denaturing  agents  used,  the 
number  of  jiackages,  the  serial  numbers  of  the  packages, 
tlie  serial  numbers  of  the  denatured  alcohol  stamps,  and 
the  aggregate  wine  and  proof  gallon  contents. 

These  entries  must  be  made  before  the  goods  are  re- 
moved from  the  denaturing  bonded  warehouse,  if  sold 
direct  from  tlieie,  or  from  the  salesroom  of  the  distiller  off 
the  premises,  if  sold  from  there. 

See.  v}'.i.  Spaces  and  columns  must  be  provided  for  at 
the  bottom  of  said  record  wherein  can  be  shown  the  quan- 
tity of  denatured  alcohol  brought  over  in  stock  from  the 
previous  month,  the  quantity  n'ceived  during  the  month, 
the  quantity  disjiosed  of  during  the  month,  and  the  quan- 
tity remaining  on  hand  at  the  end  of  the  month.  In  this 
statement  must  be  shown  the  number  of  packages  brought 
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])i'oi>cr  I'olumiis  tlie  serial  numbers  of  the  tanks  front 
which  the  denaturaDls  were  drawn,  the  tank  sample  num- 
ber of  tlie  deiiaturant,  tlie  dates  ujion  which  said  samples 
were  inspected,  and  the  number  of  gallons  of  each  of  the 
several  kinds  of  denaturants  dumped. 

I'nder  tiie  heading  "Alcohol  Denatured,"  in  the  proper 
columns,  siiall  bo  entered  the  date  of  denaturation,  the 
number  of  [lackages  denatured  and  gauged,  the  serial 
iiumlwis  of  said  packages,  the  serial  numbers  of  the  dena- 
tured stamps  attached  to  them,  the  name  of  the  trfEeer,  and 
the  ([uaiitity  of  alcohol  in  wine  and  proof  gallons  dena- 
tured and  gauged. 

rropcr  columns  and  spaces  shail  be  provided  at  the  bot- 
tom of  this  record  wlicre  slmll  be  entered  at  the  end  of 
each  month  the  quantity  in  wine  and  proof  gallons  of 
deiiatuied  alcohol  remaining  in  denaturing  tanks  broug-lit 
over  from  jirevious  montli,  the  quantity  of  material 
(lumped  for  dcnaliiration  during  the  month,  the  quantity 
drawn  from  the  denaturing  tank,  gauged,  and  removed 
fiuiii  the  premises  during  the  month,  and  the  quantitj-  left 
in  the  mixing  tank  at  the  end  of  the  month. 

lUSTlI-LKIi's  nKTL'llX  TO  HE  COMPARED  WITH  COLLECTOR'S 
BECOKD. 

Krc.  r)(l,  Tiie  distiller's  return  on  Form  52d  should  be 
coiripiirc'il  witli  this  record  at  the  end  of  each  montii.  The 
mmilier  of  )tacknges,  serial  mimbers  of  the  packages,  and 
nunilier  of  jrallons  received  by  the  distiller  from  denatur- 
iiifr  liondi'd  wnrclioiisc  sliould  agree  witli  tlie  39a  as  made 
up  from  the  officer's  :^:57a. 

ma:;^ku  ci"  iiAxni.ixii  ami  testing  samples  of 

DENATflUSTS, 

See.  57.  AVIieii  the  distiller  at  any  denaturing  bonded 
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lowing  classes  of  persons,  to  wit:  dealers  in  wines,  fer- 
mented liquors  or  distilled  spirits,  rectifiers  of  spirits, 
inaimfacturers  of  and  dealers  in  beverages  of  any  kind, 
manufacturers  of  liquid  medicinal  preparations,  or  distil- 
leis  (exeept  as  to  such  denatured  alcohol  in  stamped  pack- 
ages as  is  manufactured  by  themselves),  manufacturers  of 
vinegar  by  tlie  vajiorizing  process  and  the  use  of  a  still 
and  mash,  wort,  or  wash,  and  persons  who,  in  the  course 
of  business,  liave  or  keep  distilled  si»irits,  wines,  or  malt 
li<]Uors,  or  other  Ixtverages  stored  on  their  premises.  Pro- 
ridrfl.  That  druggists  are  exempt  from  the  above  prori- 
sions;. 

IAN    X(jT  nv,  rSKI)  IN    MASUFACTI'RINO  BEVERAGES,  ETC. 

Sci'.  (id.  Anyone  using  denatured  alcohol  for  the  manu- 
facturt?  of  any  beverage  or  ti<iuid  medicinal  prei)aratioii, 
or  who  knowingly  sells  any  beverage  or  liquid  medicinal 
pre|iaration  made  in  whole  or  in  part  from  such  alcohol. 
lu'ciinicH  .'^iiltject  to  tlio  penalties  prescribed  in  section  - 
(irtheact  »f  .hine7,  ](H)i;. 

I'liilcr  tile  language  i>f  this  law  it  is  held  that  denatured 
alcdluij  ciiu  not  he  iisc'd  in  the  preparation  of  any  article 
to  ln'  used  as  a  coiiipoiH'nt  part  in  the  preparation  of  any 
lii'vciagi'  oi'  liquid  mt'dicinal  preparation. 

I'KKMITS   RKOl'lREP. 

Sor.  ()1.  PtTsons  wlin  wish  to  deal  in  completely  dena- 
tiin'il  jilcolidl  iiiiist  sccuie  iiciTiiits  from  the  collector  of 
inicMiiil  n'vt'iiiic  ol'  tin-  district  in  which  the  business  is  to 
iHTaniciloii. 

E^cry  inrson  who  sells  or  offers  for  sale  denatured  ali*o- 
}iol  in  the  nrigiiiii!  stamix'd  (uickiigc  shall  be  classed  as  a 
irli'ilfsali-  i/ffilrr  hi  tlointuird  tilrohnl,  and  denatured  aloo- 
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He  des<ree  to  deal  In  denatured  alcohol  In  the  original  Btamped  pack- 
i^e  (or  Id  qiiannilee  Of  less  tbao  Ave  gallons),  and  be  therefore  k- 
[jiiestK  ihni  a  permit  be  Isaued  to  him  to  receive  denatured  alcohol  io 
Biaiii|>ed  packaKea  upon  bis  premises  and  to  aell  same  in  original 
stamped  packages  (or  In  quantities  of  less  than  five  Eallons). 

(Signed) 

Subscribed  and  sworn  to  before  me  this day  of ,  190 — . 


In  tlK>  case  of  individuals  the  application  must  be  signed 
and  swofn  to  oitlier  by  the  individual  himself  or  by  his 
duly  authorized  attorney  in  fact,  and  either  a  general 
power  of  attorney  or  a  power  specially  authorizing  the 
attorney  in  fact  to  act  must  accompany  the  application. 

In  the  case  of  corporations  the  application  mast  be 
signed  and  swom  to  by  the  duly  authorized  officer  or  agent 
of  file  corjjoration,  and  a  certified  copy  of  the  minutes  of 
the  board  of  directors  authorizing  the  party,  either  gen- 
erally or  specially,  to  jwrform  the  act  must  accompany  the 
application. 

PERMITS  EXPIRE  JUNE  30  EACH  TEAR. 

Sec.  G3.  Applications  to  deal  in  denatured  alcohol  must 
be  made  to  tlie  collector  of  internal  revenue  of  the  district 
in  wliich  it  is  proposed  to  do  business  on  or  before  the 
first  day  of  July  of  each  year,  or  before  any  denatured 
alcohol  in  received  on  the  jn-emises,  and  said  application 
will  px])iri>  on  the  .3(lth  of  June  ensuing. 

In  case  a  dealer  in  denatured  alcohol  moves  his  place 
of  liusiiiess  before  the  expiration  of  the  fiscal  year  for 
which  the  permit  was  issued  he  must  make  application  for 
the  transfer  of  his  i)oniiit  to  the  ])lace  to  which  he  moves. 

PERMITS  TO  UK  CASCELKD  UNDER  CERTAIN  MNDITIOKS, 

Sec.  64.  If  it  should  ap|)ear  on  proper  showing  made 
at  any  time  that  the  party  to  whom  a  permit  to  deal  in 
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See.  67. 
keep  a  reo 
alcoliol  rec 

()D  the 
wtiich  the 
name  and 

the  district  and  State  in  which  the  alcohol  was  denatured,  i 
the  number  of  (fflckages  received,  the  serial  numbers  ' 
of  the  packages,  the  serial  numbers  of  the  stamps,  and  the  ' 
wino  and  proof  gallons. 

These  entries  shall  be  made  in  said  record  upon  the  day 
on  which  the  dealer  receives  the  denatured  alcohol  and 
before  it  is  removed  from  his  premises  or  any  of  the  pack- 
ages are  broken. 

On  the  diaposed-of  side  of  said  record  the  dealer  shall 
enter  tlie  date  ujion  which  he  disposes  of  any  denatured 
alcohol,  the  name  and  address  of  the  person  to  whom  dis- 
jKised  of,  whetlier  tlie  ])urchaser  is  manufacturer  or  dealer, 
tlie  name  of  the  denaturcr  and  flie  district  in  which  the 
alcohol  was  denatured,  tlie  number  of  packages,  tlie  serial 
numlK'is  of  the  jiackages,  the  serial  numbers  of  the  dena- 
tured ah'oliol  stamps,  and  the  aggregate  number  of  wine 
jiud  iiroof  gallons. 

Those  entries  must  be  made  before  the  alcohol  is  re- 
moved from  \hi'  prcuiiaes. 

In  rnse  th(!  dealer  is  a  retail  dealer  and  the  alcohol  is 
cliaiged  off  to  liiuisclf  as  a  retail  dealer,  the  entries  must 
be  tiiiide  in  said  record  l}efore  tlie  )«ckage  is  opened  or 
iiiiy  alrolidl  is  diawni  from  it. 

Coluiiiiis  and  spaces  nmst  lie  arragned  in  said  record  in 
whiib  iit  the  end  of  the  month  the  dealer  must  enter  the 
number  of  packages,  the  seriid  miinbers  of  the  packages 
and  tlic  i|iiantity  in  gallons  of  denatured  alcohol  on  hand 
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papers  must  be  submitted  to  any  internal-revenue  officer 
or  agent  who  makes  request  for  same  for  inspection. 


ASSISTANCE  TO  BE  FURNISHED  OFFICERS, 

Sec.  71.  Dealers  in  denatured  alcohol  shall  keep  the  per- 
mits issued  to  them  posted  in  a  conspicuous  place.  Thev 
must  funiish  internal -revenue  <^cers  or  agents  the  help 
and  all  the  facilities  necessarj-  to  handle  the  packages  of 
denatured  alcohol  when  said  officers  are  making  inspec- 
tions. 

RETAIL   DEALF.RS    TO    KEEP    RECORD. 

Sec.  72.  Retail  dealers  in  denatured  alcohol  shall  keep 
a  record,  in  which  they  shall  enter  tlie  date  upon  which 
tlicy  receive  any  package  or  packages  of  denatured  alco- 
hol, the  iwrsou  from  whom  received,  the  serial  numbers 
of  the  packages,  the  serial  numbers  of  the  denatured  alco- 
hol stamps,  the  wine  and  proof  gallons,  and  the  date  upon 
which  iiackiiges  are  opened  for  retail. 

The  transcript  of  each  month's  business  as  shown  by 
this  record  must  be  prepared,  signed,  and  sworn  to  and 
foi-wardcd  to  the  collector  of  internal  revenue  of  the  dis- 
trict in  which  the  dralcr  is  located  before  the  lOfli  of  the 
following  iiioiilh.  Tliis  transcript  must  he  signed  and 
sworn  to  by  the  dealer  himself  or  by  his  duly  authorized 
agent. 

LABELS  TO  BK  PLACED  ON  RETAIL  PACKAGES. 

Sec.  7.3.  lietail  dealers  in  denatured  alcohol  must  pro- 
vide Ihaiisclve.s  with  lal>els  upon  which  the  words  "Be- 
NATiKKi)  Alcuhul"  liavc  bccu  jirinted  in  plain,  l^ble 
letters.  The  priiitiuf?  shall  be  red  on  white.  A  label  of 
this  character  nmst  be  affixed  by  the  dealer  to  the  con- 
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PEKMIT    T(>    MANUFACTUREB    TO    USE    COMPLETELY    DENATURED    ALCOUOI. 

It  appearing  upon  application  duly  made  by that,  un- 
der the  act  of  June  7,  1906,  — • should  be  permitted  to  use 

completely   denatured   alcohol,  in  quantities  of  more  than   50  gallons 

per  month,  at  .  factory  of ,  in  the  county  of , 

State  of  ,  in  the  manufacture  of  ,  permission   is  hereby 

given  said  ^-  to  procure  completely  denatured   alcohol  in 

stamped  packages  and  use  same  in  such  manufacture  at  said  place. 

This  permit  expires .  190 — . 


Collector District 


EVERY  FACILITY  FOR  EXAMINATION  TO  BE  AFFORDED  OFFICERS. 

Sec.  77.  Denaturers  of  alcohol,  dealers  in  denatured 
alcohol,  and  persons  who  use  it  must  afford  every  facility 
to  revenue  officers  and  employees  whose  duty  it  is  to  make 
investigation  as  reji^ards  such  alcohol.  The  premises 
upon  wliich  the  alcohol  is  denatured  or  sold  or  in  any  man- 
ner handled  must  l)e  oy)en  at  all  hours  of  the  day  or  night 
(if  the  same  should  be  necessary)  to  revenue  agents, 
ins])ec.tors,  and  deputy  collectors;  and  all  books,  pai>ers,  or 
records  of  every  kind,  character,  or  description  relating  to 
the  alcohol  handled  by  such  ])ersons  must  be  submitted  to 
any  rcnH^nuc  officer  for  insi)ection  and  the.  officer  must  he 
])erniitted  to  make  transcri]>ts  or  cojnes  of  such  books  or 
])apers,  ])rovided  in  the  discharge  of  his  duty  he  finds  it 
iiccessarv. 

OFFICER  TO  TAKE  SAMPLES. 

Sec.  7v^.  Should  any  revenue  officer  for  any  reason  sus- 
])cct  that  any  bcvciage  or  licjuid  medicinal  pre]>aration 
contains  denatured  alcohol,  he  must  secure  samples  of  the 
sus])cct('(l  goods  and  forward  them  to  his  sui)eTior  officer, 
who  will  I'onvard  thcni  to  the  ])roper  chemist  for  analysis. 
Such  samples  should  bo  so  marked  as  to  identify  them. 
Anv  internal-revenue  officer  is  authorized  to  take  samples 
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formulas  of  denaturants  that  will  be  permitted  in  the  sev- 
eral classes  of  industries  in  which  tax-free  alcohol  can 
be  used. 

APPLICATION  FOR  PERMITS  TO  USE  SPECIAL  DENATURANTS. 

Sec.  81.  Manufacturers  desiring  to  use  specially  or  in- 
completely denatured  alcohol  in  tlieir  business  must  make 
ai>i>lication  to  the  collector  of  internal  revenue  of  the  dis- 
trict in  which  tlie  business  is  located.  In  this  application 
the  following  information  must  be  given:  The  location 
of  the  ])lant ;  the  name  and  address  of  each  partner  or  the 
corporate  name,  if  a  corporation ;  a  complete  description 
of  each  building  on  tlie  manufacturing  premises  as  to 
dimensions,  partitions,  apartments,  or  openings;  a  com- 
l)lete  description  of  the  room  or  place  in  which  it  is  pro- 
l)osed  to  keei>  the  denatured  alcohol  stored  as  to  dimen- 
sions, o] minings,  and  kind  of  materials  of  which  con- 
structed ;  the  kind  of  business  carried  on  and  in  which  it  is 
])roposed  to  use  the  denatured  alcohol;  the  special  denatu- 
rants desired  to  be  used  and  the  reasons  for  desiring  to 
use  such  si)ecial  denaturants;  the  quantity  of  denatured 
alcohol  it  is  estimateil  will  l)e  used  until  the  1st  of  the  n:xt 
July  following;  and  if  alcohol  is  recovered  in  the  j^roc^ss 
of  manufacture,  the  manner  in  which  it  is  recovered,  its 
condition  when  recovered,  and  the  percentage  so  recov- 
ered. 

STOHEROOM  TO  BE  SET  ASIDE HOW  CONSTRUCTED. 

Sec.  S2.  A  room  or  building  must  be  prepared  and  set 
asi(l(»  in  wiiicli  to  store  the  denatured  alcohol  after  it  is 
brought  upon  the  ])reniises,  and  such  room  or  building 
shall  be  nunilioied  seriallv  in  each  collection  district. 

Said  room  must  be  on  the  manufacturing  premises,  and 
it  must  be  used  for  storage  of  denatured  alcohol,  alcohol 
recovered  in  the  piocess  of  manufacture,  for  the  work  of 
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,  and  ha provided  and  set  aside  a  etore-room  on  said  prem- 

faes  In  whicb  to  store  Bald  denatured  alcohol,  said   storeroom  being 

described  as  followa; 

It  is  esilmated  that  proof  gallons  of  denatured  alcabol  will 

be  used  In  the  manner  indicated  between  the  day  of  and 

the  — ~  day  of  July.  190—. 


Subscribed  and  swom  to  before  me  this day  of .  190—. 

Sec.  84.  TTiis  notice  will  be  given  in  all  cases  before  be- 
ginning business  or  before  using  specially  denatured  alco- 
hol in  said  business,  and  on  the  first  day  of  July  of  each 
succeeding  year  in  cases  where  the  business  is  continued. 

The  name  of  everj'  person  interested  in  the  business  as 
a  ])artner  must  be  stated  in  the  proper  space,  except  in 
the  case  of  notices  given  by  incorjjorated  companies,  when 
the  names  and  addresses  of  the  officers  of  the  corjioration 
should  be  given. 

The  signature  to  the  notice  when  given  by  an  individual 
must  in  all  cases  ba  made  by  the  manufacturer  in  person, 
or  in  his  name  by  his  authorized  agent  or  attorney  in  fact. 

In  case  of  a  finn,  the  signature  must  be  made  in  the  firm 
name  by  a  incinbei"  of  the  firm  or  by  some  person  duly 
authorized  as  above. 

In  case  of  a  corjioration,  the  signature  must  be  made  in 
the  name  and  under  the  seal  of  the  corporation  by  the 
liroper  unicor  thereof. 

nil.I.F.CTOll   TO    CAl'SE    PLANT   TO    BE   INSPECTED. 

See.  8o.  Ujion  receipt  of  the  foregoing  notice  the  collec- 
toi'  will,  cither  by  himself  or  one  of  his  deputies,  proceed 
to  the  manufacturing  ]ilant  described  in  tlie  application 
and  notii-e  and  inspect  same.  He  will  ascertain  whether 
or  not  the  statements  in  the  notice  and  representations  on 
the  accompanying  diagram  are  true  and  correct,  and  if  he 
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used,  or  if  the  proposed  formula  of  denaturants  has  not 
been  duly  authorized,  the  collector  will  take  no  action  upon 
the  application  until  the  Commissioner  has  passed  upon  it 
and  has  duly  advised  him. 

MANUFACTURERS  TO  GIVE  BOND. 

Sec.  88.  If  the  application  is  approved  the  manufac- 
turer shall  at  once  be  notified,  but  before  the  use  of  si>e- 
crnlly  denatured  alcohol  is  permitted  on  the  premises,  or 
at  the  i)lace  designated  in  the  application,  the  manufac- 
turer shall  file  witli  the  collector  a  bond  in  the  prescribed 
form,  said  bond  to  be  renewed  annually  on  the  first  day 
of  July  and  to  run  until  the  first  day  of  the  following 
July. 

FX)BM    OF    MANUFACTURER'S    BOND. 

Know  all  men   by  these  presents,  that .  of  ,  as 

principal,  and ,  of and of ,  as 

sureties,  are  held  and  firmly  bound  unto  the  United  States  of  America 

in  the  sum  of dollars,  to  be  paid  to  the  said  United  States;  for 

the  payment  whereof  we  bind  ourselves,  our  heirs,  executors,  and  ad- 
ministrators, jointly  and  severally,  firmly  by  these  presents. 

Witness  our  hands  and  seals  this  day  ,  nineteen  hundred 

and . 

The   condition   of  this   obligation    is   such   that   whereas   the   above- 

bounden  i)rincipal  is  engaged  in  the  business  of  manufacturing  

at  ' — ,  in  the  county  of ,  State  of ,  and  intends 

to  use  in  said  manufacture  alcohol  withdrawn  from  bond  free  of  tax 
and  denatured  in  the  following  manner:  said  alcohol  so  de- 
natured to  be  secured  from  any  distiller  with  whom  the  said  principal 
can  make  satisfactory  arrangements  and  transported  from  denaturing^ 
bonded  warehouse  to  said  principal's  manufacturing  premises  above 
described. 

Now,  therefore,  if  the  entire  quantity  of  alcohol  so  secured  at  de- 
naturing bonded  warehouse  or  warehouses  is  transported  to  the  place 
of  business  of  the  said ,  and  is  securely  stored  in  the  de- 
natured alcohol  storeroom  designated  and  set  aside  as  such  at  said  place 
and  is  there  safely  kept  until  it  is  needed  for  use  In  the  manufacture 
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Uix  on  tlie  estimated  quantity  of  denatured  alcoliot  that 
tiie  manufacturer  will  use  during  the  year  the  bond  is 
intended  to  cover,  and  at  no  time  shall  tlie  manufacturer 
liavc  on  Ills  premises  a  quantity  of  denatured  alcohol  the 
tax  iqion  which  is  more  than  one-half  of  the  |.>enal  sum 
of  the  hond.  The  manufacturer  may,  at  any  time  it  may 
H))j)ear  that  the  Irond  for  any  year  is  insufficient,  give  an 
additional  bond. 

'I'hi're  iimst  be  at  least  two  sureties  to  the  bond  and  they 
must  make  tlie  usual  affidavit  on  Form  No.  33,  unless  under 
aulliority  contained  in  the  act  of  August  13, 1894,  a  corpo- 
ration duly  autliorized  in  writing  by  the  Attorney-General 
of  the  I'nitwl  States  to  do  business  under  said  act  shall  be 
offcn-ii  lis  sole  surety. 

The  Ciiristiau  names  of  the  signers  must  be  written  in 
tlie  body  of  the  bond  and  so  signed  to  the  bond.  The 
iesi<leii('e  of  each  signer  nmst  be  stated  in  the  body  of  the 
bond. 

EiH-li  siKiiaturo  must  be  in  tlie  presence  of  two  witnesses, 
who  must  sign  their  names  as  such,  and  a  seal  of  wax  or 
wafer  must  be  nUaciied  to  each  signature. 

COl^LECTOK    TO    APPROVE    BOND. 

Se<-.  8!).  The  bond,  after  being  duly  executed,  will  be 
<leiM>sile4l  with  the  collector  of  internal  revenue,  who  will 
cxaiiiiiic  it  carefully.  He  will  also  investigate  as  to  the 
solvency  of  the  sureties.  If  he  finds  the  bond  to  be  suf- 
ficient, he  will  apiirovo  it  and  forward  it  to  the  Commis- 
sioner of  Internal  Keveuue,  together  with  his  certificate  to 
lli(i  etVi'ct  that  he  has  examined  the  bond  and  finds  it  made 
in  acconliincc  with  the  regulations,  and  that  the  sureties 
are  sufficient. 

If  upon  receipt  and  examination  of  the  bond  tlie  Com- 
missioner ap|)r()ves  it,  he  will  notify  the  collector,  and 
thereafter,  during  the  life  of  the  bond,  it  will  be  lawful 
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lishnient  and  the  denaturing  bonded  warehouse  at  which 
the  alcohol  is  denatured  are  in  the  same  collection  district, 
and  in  triplicate  if  they  are  in  different  districts. 


Collector,  District  of 


You  are  hereby  notified  that  I   have  arranged  with 


proprietor  of  distillery  No.  ,  located  at ,  in  the  district  of 

,  to  supply  from  denaturing  bonded   warehouse 

No. ,  located  at ,  in  the district  of ,  with  alcohol 

denatured  in  accordance  with  the  terms  of  application  approved 

on  the day  of ,  190~,  in  the  following  manner,  to  wit:  

Said  alcohol  to  be  used  In  the  manufacture  of in  estab- 
lishment located  at ,  in  the  district  of ^    The  alcohol  is  to 

be  transported  to premises  by and . 

(Signed) . 

rpoii  recept  of  this  notice  the  collector  shall  retain  one 
copy  in  his  office.  The  other  copy  he  shall  foi'ward  to  the 
Commissioner  of  Internal  Revenue,  and,  if  the  manufac- 
turing establishment  and  the  warehouse  at  which  the  alco- 
hol is  to  )x^  denatured  are  in  different  districts,  tlie  third 
copy  shall  })e  forwai'ded  to  the  collector  of  the  district  in 
which  the  denaturing  bonded  warehouse  is  located. 

NOTICE  TO  OFFICER  AT  DENATURING  BONDED  WAREHOUSE. 

Se(*.  !)2.  The  collector  of  the  district  in  which  tlie  de- 
naturing bonded  warehouse  is  located  shall  forward  to  the 
officii-  ill  charge  of  said  warehouse  a  notice  in  the  follow- 
ing form : 


You  are  here])y  notified  that ,  manufacturer  of 


located  at .  in  the  district  of  ^  ha —  been  duly  authorized 

to  use  in  the  nianut'acture  of  said  at  said  establishment  alcohol 

specially  denatured  in  the  following  manner, and  the  said 

ha —  given  notice  that he ha —  arranged  with . 

])roprietor  of  distillery  No.  ,  to  supply  alcohol  so  denatured  from 

dena luring  bonded  warehouse  No.  .  in  the District  of . 

You  are  hereby  authorized  to  permit  said  distiller  to  withdraw  from 
bond,   free  of  tax,  alcohol  to  be  denatured   in  the  manner   indicated. 
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SPECIALLY   DENATURED  ALCOHOL  TO   BE  AT  ONCE   PUT   IN 

TRANSIT. 

Sec.  95.  As  soon  as  sp>eeially  denatured  alcohol  is  gaug- 
ed and  the  packages  are  properly  marked  and  stamped, 
it  must  be  removed  from  the  denaturing  bonded  ware- 
house and  put  in  transit  to  the  manufacturer  for  whcwn 
it  was  denatured,  and  under  no  circumstances  must  any 
other  disposition  be  made  of  any  part  of  it 

REPORTS  AT  WAREHOUSE,  ETC. 

Sec.  96.  Reports,  records,  etc.,  relating  to  the  alcohol 
after  it  has  been  denatured,  and  to  be  made  and  kept  by 
the  officer  and  the  distiller  must,  in  the  case  of  sj^ecially 
denatured  alcohol,  contain  columns  and  spaces  for  show- 
ing and  nmst  show  the  name  and  address  and  number  of 
the  manufacturer  to  whom  the  alcohol  was  sold,  and  the 
following  additional  reports  must  be  made  by  the  officer 
and  the  distiller: 


Collector 


District  of 


You   are   hereby   notified   that   I   have   this   day   delivered   to  

,  proprietor  of  distillery  No.  ,  district  of  ,  the  follow- 


ing packages  of  specially  denatured  alcohol: 


Number  (  f 
Packages. 


Serial  Numlx  r 
J  ackajres. 


Serial  Number 
Stamps. 


Wine  Gallons. 


Proof  GalloDs. 


Said  alcohol  was  denatured  at  - 
No.  .  located  at ■,  in  the 


denaturing  bonded  warehouse 
district  of ,  and  it  was 


disposed   of  to  

No.  ,  located  at 


— ,  proprietor  of  manufacturer's  storeroom 
in  the  district  of ,  in  accordance  with 
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speclflcatione  as  staled  Id  the  notice  o(  ,  1S0~,  and  It  bas 

this  day  l>eeD  forwarded  to ,  at  ,  by , 

there  to  be  delivered  to  said  manufacturer. 

United  atatet  Officer. 
This  report  ehaU  be  made  in  triplicate,  onei  copy  to  be 
sent  to  the  collector  of  the  district  in  which  the  denatur- 
ing bonded  warehouse  is  located,  one  to  the  collector  of 
the  district  in  which  the  manufacturing  establishment  is 
located,  and  one  to  the  Commissioner  of  Internal  Revenue. 

NOTICE  OF  SHIPMENT  OP  SPECIALLY  DENATURED  ALCOHOL. 

Sec.  97.  The  distiller  shall  prepare  and  forward  a  re- 
port in  the  following  form ; 

Collector: 

You  are  hereby  ootifled  that  I  have  this  day  received  from  

denaturing  bonded  warehouse  No,  ,  located  at  ,  In 

the district  of • — ,  the  packages  of  sjieclally  denatured  alco- 
hol described  below  and  have  forwarded  them  to ,  manu- 
facturer  of   ,    and    proprietor    of    manufacturer's    storeroom    for 

specially  denatured  alcohol  No.  ,  located  at  ,  In  the  district 


Proprietor  of  DinliUvry  Xo.  . 

ALCOHOL  T(i  BK   PHllMPTLY    FKHWARIIKI)   AND   NOTICK  OF 
KECKIPT    (IIVEN, 

Sec.  il8.  It  shall  he  the  duty  of  the  officer  in  charge  and 
tho  distiller  to  see  that  the  denatuifd  aii-oliol  is  promptly 
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delivered  from  tlie  denaturing  bonded  warehouse  to  the 
common  carrier. 

Tlie  manufacturer  must  immediately  upon  receipt  of 
the  alcohol  store  it  in  his  designated  storeroom  for  de- 
natured alcohol,  and  must  at  once  prepare  report  in  the 
following  form: 

notice  of  receipt  of  alcohol. 

Office  of . 


Collector  District 


You  are  hereby  notified  that  I  have  this  day  received  from 


-,    carrier,    the    pacltages    of   denatured    alcohol    hereinafter    de- 


scribed, received  at •  on  the day  of ,  190 — ,  by 


,   from   ,  proprietor  of  distillery  No.  ,   in   the 

district  of •,  and  denatured  at in  denaturing  bonded 

warehouse    No.   ,   in   the   district   of  in   accordance 

with  the  foriTiula  authorized  on  the  day  of  s  190 — .     Said 

alcohol  has  been  stored  in  designated  storeroom  for  specially  denatured 

alcohol  on  premises  and  will  not  be  removed  from  there  except 

as  it  is  needed  for  use  in  the  manufacture  of  .     Said  storeroom 

is  in  the  custody  and  control  of . 

Respectfully, 

'      ,  Manufacturer. 

Tliis  report  shall  be  made  in  duplicate,  one  copy  to  be 
forwarded  to  the  collector  of  the  district  in  which  the  al- 
coliol  was  donatnre<l  and  the  other  to  the  collector  of  the 
district  in  w^hieli  the  manufacturing  plant  is  located. 

manufacturer's   alcohol   record. 

Siec.  99.  The  manufacturer  must  keep  a  record  in  which 
ho  shall  enter  on  the  *^ Received"  side  the  date  upon  which 
h(»  receives  any  denatured  alcohol  on  his  premises,  the 
iiumhor  of  ]iacka^es  received  and  the  name  and  address 
of  the  distiller,  the  district  in  wiiich  denatured,  the  name 
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State  of 


County  of 


On  this  day  personally  appeared  before  me ,  duly  desig- 
nated custodian  of  the  storeroom  for  specially  denatured  alcohol  No. 

of  the district  of ,  of  denatured  alcohol  received  and 

to  be  used  at  the  manufacturing  establishment  of ,  manu- 
facturer of ,  at 1 — ,  in  the  county  of ,  State  of , 

and  on  oath  states  that  the  above  is  a  true  and  correct  statement  on 
the  debit  side  of  the  specially  denatured  alcohol  received  in  said  store- 
room, and  on  the  credit  side,  of  the  specially  denatured  alcohol  charged 
off  for  use  in  manufacturing at  said  manufacturing  establish- 
ment, and  that  all  of  the  alcohol  delivered  from  said  storeroom  was 
delivered  in  exactly  the  same  condition  as  when  received  at  said  store- 
room and  w^as  delivered  for  use  in  manufacturing  and  was  so 

used. 

,  Custodian  

Subscribed  and  sworn  to  before  me  this day  of  .  190 — . 


Tliis  affidavit  must  be  made  by  the  person  who  has  the 
custody  of  the  storeroom,  whether  it  be  the  manufacturer 
himself  or  one  of  his  employees. 

manufacturer's  record  of  alcohol  used  and  articles 

produced. 

Sec.  101.  The  manufacturer  must  also  keep  a  book  in 
which  shall  be  entered  the  quantity  of  goods  produced 
and  finished  each  mouth  and  in  which  specially  denatured 
alcohol  was  used,  and  at  the  close  of  business  each  month 
and  ))efore  the  lOth  of  the  following  month  the  manufac- 
turer must  make  and  forward  to  the  collector  of  internal 
rcveinio  a  transcri])t  of  this  record  and  must  affix  an  affi- 
davit in  the  following  form: 

Statk  ok , 

County  ok  . 

On   this  day  personally  appeared  before  me ,  who  on 

oath  slates  that  the  above  is  a  true,  correct,  and  complete  statement 
of  the  goods  manufactured  during  the  month  last  past  and  In  the  manu* 
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ing  it,  and  the  custodian  must  cany  the  key  to  the  look. 
It  will  be  his  duty,  together  with  the  manufacturer  (pro- 
vided he  is  an  employee  and  not  the  manufacturer),  to 
see  tliat  none  of  the  denatured  alcohol  brought  upon  the 
premises  is  diverted  from  the  use  for  which  it  was  de- 
natured. He  must  keep  the  denatured  alcohol  storeroom 
record  herein  provided  for  and  must  prepare,  sign,  and 
swear  to  the  returns. 

If  the  manufacturer  is  a  corporation  the  custodian  of 
the  storeroom  for  specially  denatured  alcohol  and  the  per- 
son who  is  to  keej)  the  record  of  denatured  alcohol  used 
and  articles  manufactured  and  make  the  returns  herein 
prescribed,  must  be  named  by  the  board  of  directors  or 
otlier  governing  power  and  a  certified  copy  of  the  min- 
utes of  tlie  iiuH^ting  at  which  said  persons  were  so  desig- 
nated must  be  foi-warded  to  the  collector  of  the  district. 

MANAGER    TO    MAKE    AFFIDAVIT. 

Sec.  103.  The  manufacturer  or  the  manager  of  the  busi- 
ness, jirovided  the  manufacturer  is  a  corporation,  must, 
in  the  event  some  one  other  than  himself  keeps  one  or 
both  of  the  nn^ords  and  makes  one  or  both  of  tlie  returns 
lieroin  prescri})od,  make  tlie  following  affidavit  to  such  of 
tlie  rotuiiis  as  he  does  not  i^ersonally  prepare  and  swear  to. 

State  of . 


COT'NTY    OF 


I. ■ — ,  state  on  oath  that  I  am of  the  busi- 
ness ol" ,  and  that  from  my  knowledge  of  said  business  gained 

as  such  ,  I  verily  believe  the  above  stated  accounts  are  correct 

and  that  the  above  affidavit  of is  in  every  particular  true. 


Subscribed  and  sworn  to  before  me  this  day  of  ,  190 — . 
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the  manufacture  of  the  products  exactly  as  stated  in  the 
manufacturer's  application  and  in  the  collector's  permit, 
and  it  can  not  be  used  in  any  other  manner,  and  manu- 
facturers using  such  alcohol  must  complete  the  work  of 
manufacture  of  the  products  specified  in  their  notice  and 
bond  on  the  premises  upon  which  they  are  authorized  by 
their  i^ermit  to  use  alcohol. 

MANUFACTURER  QUITTING  BUSINESS  MAY  DISPOSE  OF  ALCOHOL 

TO    OTHER    MANUFACTURER. 

Sec.  106.  In  the  event  any  manufacturer  using  special- 
ly denatured  alcohol  for  any  reason  quits  the  business  of 
manufacturing  the  commodities  authorized  by  his  permit 
and  there  remains  on  band  in  his  storeroom  a  quantity  of 
s^pecially  denatured  alcohol,  he  may  dispose  of  such  alco- 
hol to  another  manufacturer  in  the  same  class  of  business 
])rovided  he  gives  notice  to  the  collector  of  internal  rev- 
enue. When  such  notice  is  given,  a  deputy  collector  or 
other  officer  will  visit  the  manufacturer's  place  of  busi- 
ness and  cheek  the  alcohol  on  hand  against  the  manufac- 
turer's record.  If  the  quantit>'^  on  hand  is  found  to  agt'ee 
with  the  manufacturer's  record  and  the  alcohol  is  in  the 
same  condition  as  it  was  when  denatured,  the  officer  will 
report  to  the  collector,  who  will  issue  a  permit  authoriz- 
ing the  tiansfer  of  the  denatured  alcohol  to  the  premises 
of  the  inanufactuer  to  whom  the  alcohol  has  been  disposed 
of.  The  purchaser  must  be  a  resrularlv  nualified  manu- 
facturer and  must  be  authorized  to  use  alcohol  specially 
denatured  in  the  manner  and  under  the  formula  under 
which  the  alcohol  transfeiTcd  was  denatured. 

PROVISIONS    APPLICABLE    TO     MANUFACTURERS    USING    EITHER 
SPEriALLV  OR  GENERALLY  DENATURED   ALCOHOL. 

Sec.  107.  Under  no  circumstances  will  denaturers,  man- 
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Pabt  IV. 

ALCOHOL  RECOVERED,  RESTORED,  AND 

REDENATURED. 

Sec.  111.  Section  2  of  the  denatured  alcohol  law  pro- 
vides : 

That  manufacturers  employing  processes  in  which  alcohol  used  free 
of  tax  under  the  provisions  of  this  act  is  expressed  or  evaporated  from 
the  articles  manufactured  shall  be  permitted  to  recover  such  alcohol 
and  to  have  such  alcohol  restored  to  a  condition  suitable  solely  for 
reuse  in  manufacturing  processes  under  such  regulations  as  the  Com- 
missioner of  Internal  Revenue,  with  the  approval  of  the  Secretary  of 
the  Treasury,  shall  prescribe. 

ALCOHOL  TO  BE  RESTORED  ON   PREMISES  WHERE  USED  OR  IX  A 

RESTORING    PLANT. 

Sec.  112.  The  work  of  recovering  alcohol  and  restor- 
ing it  to  conditions  suitable  for  reuse  in  manufacturing 
])rocesses  must  be  done  on  tlie  premises  on  which  said  alco- 
hol was  originally  used  or  at  a  duly  authorized  restoring 
])laiit,  and  it  must  be  reused  in  the  same  manufacturing 
establishment  in  which  it  was  originally  used  (except  as 
provided  in  Part  V.  of  these  Regulations). 

STILL  MAY  BE  USED. 

Sec.  113.  If  in  restoring  alcohol  to  a  condition  suitable 
for  reuse  a  still  is  necessary,  the  manufacturer  may  set 
iil>  on  his  premises  such  still  and  any  other  apparatus  that 
may  1>l^  necessary  for  use  in  connection  with  or  independ- 
ent of  the  still  in  the  work  of  recovering  such  alcohol. 
Tli(^  still  i!uist  be  registered  in  the  same  manner  in  which 
the  law  and  regulations  require  tliat  all- stills  set  uj)  he 
registered.  It  can  not  be  used  for  any  other  purpose  than 
to  recover  by  redistilling  alcohol  that  has  been  withdrawn 
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dition  to  the  provisions  in  the  form  set  out,  contain  the 
following  additional  provisions: 

And  whereas  the  said proposes  to  recover  alcohol  used  in 

said  manufacture  in  the  following  manner  ,  said  alcohol  when  so 

recovered  to  be  in  the  following  condition  as  to  proof,  etc.,  .  and 

proposes  to  restore  said  alcohol  to  a  condition  suitable  for  reuse  in  the 
following  manner ,  and  proposes  to  redenature  said  alcohol  so  re- 
covered and  restored,  provided  redenaturation  Is  necessary,  before  re- 
using same  in  the  storeroom  for  denatured  alcohol  on  said  premises. 

Now  therefore  if  the  said shall  remove  all  of  said  alcohol 

so  recovered  and  restored  to  a  condition  suitable  for  reuse  to store- 
room for  denatured  alcohol  on  said  premises  as  soon  as  it  is  so  recov- 
ered and  restored,  shall  safely  keep  said  alcohol  in  said  storeroom  until 
it  shall  have  been  redenatured,  provided  redenaturation  is  necessary, 
shall  pay  double  the  tax  of  one  dollar  and  ten  cents  on  each  proof  gal- 
lon of  all  alcohol  recovered  and  reused  in  any  manner  without  having 
first  been  redenatured,  and  shall  fully,  promptly,  and  faithfully  comply 
with  all  the  law  and  regulations  relating  to  the  recovering  and  re- 
Ktorins  to  a  condition  fit  for  reuse  and  the  redenaturing  of  alcohol  that 
has  been  withdrawn  from  bond  without  the  payment  of  the  tax. 

HO XI)  TO  BE  EXECUTED  BY  MANUFACTURER  USING  COM- 
PLETELY  DENATURED    ALCOHOL. 

See.  115.  No  manufacturer's  transportation  and  stor- 
age ))ond  being  re<iuired  of  a  manufacturer  using  in  his 
business  comi)letely  denatured  alcohol,  in  case  such  man- 
ufacturer desiros  to  recover  and  redenature  such  alcohol 
so  that  it  may  be  reused  he  must  execute  a  bond  contain- 
iug  the  ])r()visions  of  the  two  above  prescribed  paragraphs. 
Tlie  i^enal  sum  of  said  bond  shall  be  double  the  tax  on 
tlie  aleoliol  it  is  estimated  the  manufacturer  will  recover 
and  rt'denature  in  thirtv  davs.     Said  bond  must  be  exe- 

ft  ft 

cuted  in  du])licate  and  must  be  approved  by  the  collector 
of  the  district  in  tlie  same  manner  as  manufacturers' 
bonds  lieretofore  prescribed.  He  must  also  provide  store- 
room for  the  denatured  alcohol  used  by  him  and  must 
designate  some  one  to  act  as  custodian  thereof,  and  he 
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must  keep  sucb  records  aod  make  sacb  returns  as  are  re- 
<iuired  in  case  of  manufacttirers  using  specially  denatured 
alcohol. 

The  permit  issued  lo  the  manufacturer  by  the  collector 
must  contain,  in  addition  to  what  is  contained  in  the  fonn 
heretofore  prescribed,  the  following; 

And  the  aald Is  hereby  further  authortzed  and  pennlssloa  Is 

given to  recover  and  restore  to  a  condltltw  suitable  for  use  In  said 

mauutacture  alcohol  In  the  following  manner .     Said  alcohol 

roust  be  stored  In  the  denatured-alcohol  storeroom  on  said  maoufac- 
turer's  premises  and  must  be  redenatured  In  said  storeroom  before  It  is 
reused,  provided  redenaturatlon  Is  necessary. 

ALCOHOL  TO  BE  STORED  IN  STOREROOM  AS  RECOVERED. 

Sec.  1.16.  The  manufacturer  must  draw  off  the  alcohol 
as  it  is  recovered  into  packages  and  must  immediately 
store  it  in  exactly  the  same  condition  as  it  is  when  i-ecover- 
ed  in  the  storeroom  for  denatured  alcohol,  and  It  shall 
thereafter  be  in  charge  of  the  custodian  of  said  ware- 
house. Alcohol  reco\'ered  at  such  establishment  and 
pJaced  in  t}ie  warehouse  for  denatured  alcohol  will  not  be 
redistilled  or  otherwise  treated  except  in  the  preseucc  of 
the  proper  officer. 

STILL    USED    FOE    RECOVERINO    ALCOHOL    ONLY,    KIT. 

See.  117.  The  still  employed  in  redistillation  will  iml. 
he  used  for  any  purpose  except  to  redistill  jilcohol  for  re- 
denaturatlon, and  it  will  not  he  used  cxce|)t  in  tlic  piis^'iicc 
of  the  proijer  officer.  Wlieii  the  still  in  not  being  used  [Im 
furnace  door  or  cocks  controllinfr  the  steam  ecniiicetioii« 
will  be  securely  locked  and  the  colle<-t()r  will  keep  the  keys 
to  said  locks  in  his  iwswssion. 

APPLICATION   TO  JLVVK  Al.COlU,!,   llhfiTnllKU   ASH    liUit.SM  tin.ti. 

Sec.  118.  At  Bueh  iiit<*rvaln  tin  the  in-eeHhitieH  r»f  tin-  busi- 
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« 

ness  may  demand,  and  when  the  manufacturer  has  a  suffi- 
cient quantity  of  recovered  alcohol  on  hand  to  justify  the 
sending  of  an  officer  to  his  place  of  business,  he  may  make 
application  to  the  collector  of  the  district  for  an  officer  to 
be  detailed  to  sui)er\'ise  the  work  of  redistilling  or  other- 
wise treating  the  recovered  alcohol  and  the  redenaturing 
of  it.     Such  application  will  be  in  the  following  form: 


Collector  Distnct  of 


You  are  hereby  notified  that  there  is  stored  in  the  storeroom  for  de- 
natured alcohol  on  the  manufacturing  premises  of  gallons  of 

alcohol.  proof,  which  was  withdrawn  from  bond,  free  of  tax, 

and  denatured,  and  which  was  used  in  the  process  of  manufacturing 

and  recovered  at  said  place.     Request  Is  hereby  made  that  an 

officer  be  sent  to  said  place  of  J[)usinefi8  to  supervise  the  work  of  re- 
storing and  redenaturing  said  alcohol. 


Manufacturer. 

COLLECTOR  TO  DETAIL  OFFICEB  TO  VISIT  MANUFACTURING 

PLANT. 

Sec.  119.  Uj^on  receipt  of  the  manufacturer's  notice  the 
collcK'tor  will  detail  an  oflBcer  to  proceed  to  the  manufac- 
turing }ireiiiises  in  question  and  suj^ervise  the  work  of  re- 
storing to  suitable  condition  and  redenaturing  the  alcohol 
mentioned  in  the  notice.  The  instructions  of  the  collector 
shall  be  in  the  follo\^ing  form: 


,  manufacturer  of  .  and  proprietor  of  storeroom 

for  the  denatured  alcohol  No.  — ,  in  this  district,  located  at * — .  has 

notified  me  that ha —  stored  in  storeroom  

gallons  of  alcohol  of  •  proof,  recovered  in  process  of  manufac- 
ture, and  desire  to  have  said  alcohol  restored  to  a  condi- 
tion  suitable  for  use  in  the  manufacture  of  and   redenatured 

(if  necessary)  in  the  following  manner  at  said  storeroom. 

You  are  hereby  instructed  to  proceed  at  once  to  said  manufacturing 
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RESTORING,  REDENATURING,  AND  GAUGING  THE  AIX:OHOL. 

Sec.  122.  The  process  of  restoring  the  alcohol  to  a  con- 
dition suitable  for  use  will  be  carried  on  in  the  presence 
and  under  the  supervision  of  the  officer.  If  in  the  pio- 
cess  of  restoring  the  alcohol  to  a  condition  suitable  for 
reuse  it  is  necessary  to  remove  it  from  the  storeroom,  it 
will  be  returned  to  said  storeroom  as  rapidly  as  it  is  re- 
stored and  drawn  off  into  suitable  packages.  The  officer 
will,  in  having  tlie  packages  filled  with  the  restored  alco- 
hol, leave  a  wantage  e(iual  in  volume  to  the  denaturants  to 
be*  added.  He  will  ascertain  by  weight  the  wine  and  proof 
gallons  in  each  package  before  any  denaturant  has  been 
added.  He  will  then  cause  the  denaturants  to  be  added  to 
the  i)ackage  and  will  gauge,  mark,  stamp,  and  brand  the 
package  of  redenaturcd  alcohol. 

The  same  kind  of  packages  and  stamps  prescribed  by 
these  regulations  for  alcohol  denature<l  at  denaturing 
l)on(led  warehouses  will  be  used  for  alcohol  redenatured 
at  storerooms  for  denatured  alcohol.  Packages  of  rede- 
natured alcohol  shall  be  numbered  serially,  beginning 
witli  number  one,  at  each  storeroom. 

PACKACiES  TO  BE   MARKED,  STAMPED,  AND  BRANDED. 

Sec.  V2'A.  Tlie  officer  shall  put  the  following  marks, 
stamps,  etc.,  on  the  package  when  he  gauges  it: 

On  the  stamp  head  he  shall  stencil  the  following: 

The  seiial  number  of  the  jiackage,  the  date  of  redeua- 
tuiation  and  gauge,  the  wine  gallons,  proof  and  proof  gal- 
](^ns,  tlie  name  of  the  manufacturer  and  the  number  of  the 
storeroom,  the  State  and  the  district,  the  name  and  title 
of  tlie  officer,  and  the  number  of  the  denatured  alcohol 
stain])  affixed  to  the  package.  The  words  ** Redenatured 
al(*olior'  must  be  ])laced  upon  each  head  of  the  package. 

The  stainj)  must  be  affixed  and  signed  by  the  officer. 
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work  of  restoring  the  alcohol  to  suitable  condition  and  the 
redenaturing  of  it  is  completed,  the  oflScer  must  make  a 
transcri])t  in  duplicate  from  this  record  and  forward  it  to 
the  collector. 

MANUFACTURER    TO    KEEP    RECORD. 

Sec.  127.  The  manufacturer  must  keep  a  record  in  which 
he  shall  enter  dailj"  in  proper  spaces  and  columns  the 
quantity'  in  wine  and  proof  gallons  of  alcohol  recovered 
by  him  and  placed  in  storeroom,  the  quantity  of  dena-. 
turants  placed  in  said  storeroom  for  redenaturing  pur- 
poses, and  the  quantity  of  alcohol,  in  wine  and  proof  gal- 
lons, restored  to  a  condition  suitable  for  use,  and  the  quan- 
tity of  each  denaturant  used. 

He  shall  also  enter  in  said  record  daily  the  quantity  of 
alcohol  rodonatured  in  his  storeroom,  the  serial  numbers 
of  the  ])ackages,  the  serial  numbers  of  the  denatured  al- 
cohol stamps,  and  the  wine  and  proof  gallons  of  the  rede- 
natured  alcohol. 

MANUFACTURER  TO    MAKE   TRANSCRIPT   AND    REPORT. 

Sec.  128.  lie  must  prepare  a  transcript  of  this  record 
at  the  end  of  tlie  montli ;  and  before  the  10th  dav  of  the 
following  month  he  must  swear  to  same  and  forward  it 
to  the  collector  of  intenial  revenue.  The  affidavits  to 
this  report  must  be  made  by  the  custodian  of  the  store- 
room and  the  manager  of  the  business  and  must  be  in  the 
following  form: 

state  of . 


County  of 


I, ,  state  on  oath  that  I  am  custodian  of  the  storeroom 

for  denatured  alcohol.  No.  <.  at  the  manufacturing  establishment  of 

.   manufacturers  of  at  ,   in   the   county  of 

,  State  of ' — ,  and  that  the  above  is  a  true,  correct,  and  com- 


plete statement  of  the  alcohol  withdrawn  from  bond,  free  of  tax,  and 
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denatured  at  denaturing  bonded  warehouse,  recovered  in  said  manufac- 
turing establishment,  restored  to  condition  suitable  for  reuse  at  said 
place  and  redenatured  in  said  storeroom  for  denatured  alcohol  (or 
that  such  redenaturation  was  not  found  necessary),  and  that  no  alco- 
hol, which  was  recovered  and  restored  at  said  place,  was  used  in  any 
manner  until  after  it  had  been  redenatured,  nor  was  any  redenatured 

alcohol  used  in  any  manner  except  in  the  manufacture  of  at 

said  place. 


Custodian  Storeroom  No. 


I, ,  state  on  oath  that  I  am • ,  of  the  above- 
described  business,  and  from  my  knowledge  of  the  business  I  believe 
the  above  report  of  business  done  to  be  true,  correct,  and  comf)lete, 

and  the  statements  contained  in  the  above  affidavit  of , 

custodian  at  said  storeroom,  to  be  in  every  respect  true  and  correct. 


The  above  two  affidavits  were  subscribed   and  sworn   to  before  me 
this  day  of ,  190—. 


MANUFACTURER  TO   MAKE  ENTRY  IN  RECORD  OF  ALCOHOL 

RECEIVED    AND    DISPOSED    OF,   ETC. 

Sec.  129.  The  manufacturer  must  also  enter  on  his  rec- 
ord of  denatured  alcohol  received  and  disi)osc<i  of  the 
packages  of  alcohol  redenatured  at  said  storeroom.  On 
the  ** Received''  side  of  said  record  must  be  shown  the 
date  upon  which  the  alcohol  was  received  from  redena- 
turation. The  alcohol  must  be  treated  in  the  same  man- 
ner on  said  record  as  it  was  when  ro(*cived  originally. 

In  the  summar}'  on  said  record  the-  quantity  of  alcohol 
received  from  redenaturation  and  reused  must  be  shown 
in  items  separate  from  the  denatured  alcohol  coming  into 
the  stock  originally  from  dealers  and  denaturers. 

COLLECTOR   TO    KEEP   ACCOUNT    WITH    MANrFACTrR>:R   OF 

ALCOHOL   RESTORED. 

Sec.  130.  The  collector  must  keep  an  account  with  each 
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manufacturer  who  recovers,  restores,  and  redenatures  al- 
cohol. This  record  must  be  made  from  the  reports  of  the 
chemist,  officer  in  charge  of  the  storeroom,  and  manu- 
facturer. It  must  show  the  quantity  of  alcohol  recovered 
and  dei)osited  in  storeroom  each  day,  the  quantity  restored 
to  a  condition  suitable  for  reuse,  the  quantity  and  kind  of 
denaturants  used  in  denaturing  said  alcohol,  the  name  of 
<he  officer  sujiervising  the  restoring  of  and  redenaturing 
of  said  alcohol,  the  number  of  packages  and  the  serial 
number  of  same,  and  the  quantity  in  wine  and  proof  gal- 
lons of  alcohol  redenatured,  gauged,  and  delivered  to  the 
manufacturer  for  reuse. 

ALCOHOL   NOT   TO    BE    REDENATURED    UNLESS    NECESSARY. 

8ec.  i;il.  Manufacturers  who  recover  alcohol  will  not 
be  re(|uired  to  have  said  alcohol  redenatured  if  it  retains 
a  sufficient  (juantity  of  the  original  denaturants  to  prevent 
its  use  as  a  beverage.  If  necessary,  this  may  be  deter- 
mined by  the  chemical  examination  of  samples  taken  for 
this  }niri)ose  and  forwarded  to  the  nearest  laboratoiy.  In 
tlu^  event  it  is  not  necessar\'  to  redenature  the  alcohol  the 
manufacturer  must  deposit  it  in  his  storeroom  in  suitable 
l)ackages  and  make  ai^])lication  to  the  collector  of  internal 
rev(»nue  to  have  it  regauged  and  restamj^ed.  The  collec- 
tor will  detail  an  officer  to  visit  the  storeroom  and  regauge 
and  restamj)  the-  alcohol.  When  it  has  been  regauged  and 
!estanii)ed  the  alcohol  will  l)e  taken  up  on  proper  records 
l)y  the  officer  and  the  manufacturer,  and  will  api)ear  on 
the  monthly  re])orts  in  the  same  manner  as  though  it  had 
hiH^n  redenatured.  The  officer  making  the  regauge  will 
make  a  rei>ort  in  the  same  manner  as  is  required  when 
alcohol  is  redenatureil  on  the  manufacturer's  premises, 
exce])t  that  the  re])ort  will  not  show  that  the  goods  are  re- 
denatured. 
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Part  V. 
RESTORING  AND  REDENATURING  PLANTS. 

Sec.  132.  Centrally  located  plants  may  be  established 
for  the  purpose  of  restoring  to  a  condition  suitable  for  re- 
use and  for  redenaturing,  if  necessar>%  alcohol  recovered 
by  manufacturers;  these  plants  to  be  located  at  such 
places  as  the  Commissioner  of  Internal  Revenue  may  deem 
necessary. 

warehouse:  how  constructed. 

Sec.  133.  A  warehouse  constructed  in  the  manner  in 
which  distillery  warehouses  are  cx>nstructed  must  be  pro- 
vided. This  warehouse  to  be  used  for  the  purjDose  of  stor- 
ing recovered  denatured  alcohol  received  from  maimfac- 
turing  establishments.  Either  an  ai)artment  in  this  ware- 
house or  a  &ei)aratei  warehouse  may  be  provided  in  which 
to  redenature  and  store  the  restored  alcohol.  This  apart- 
ment or  separate  warehouse,  as  the  case  may  Iks  must  l>e 
constructed  in  the  same  manner  as  denaturing  bonded 
warehouses  heretofore  described.  It  must  be  su})i)lied 
with  mixing  tanks,  and  a  room  to  Ik?  used  as  a  denaturing 
material  room  must  be  provided.  The  ai)artnK^nt  uscmI  as 
a  denaturing  bonde<l  warehouse  must  be  separatcnl  from 
the  aj^artment  use<l  as  a  storjige  rcK^ni  for  the  recovercni 
alcohol  received  from  manufacturers,  and  there  must  be 
no  o|K*nings  or  d(H)rs  between  the  two  a])artments. 

The  denaturing  material  room  must  be  const ructe<l  in 
the  same  manner  as  similar  r(X)ms  are  constructed  at  de- 
naturing bondefl  warehouses,  and  all  of  the  a])pliances  re- 
f|uired  at  denaturing  bonded  warehouses  nmst  be  sup- 
plied. 

CISTERN    ROOM    TO    BE    PROVIDP:n. 

Sc*c.  134.  A  cistern  room  constructed  in  the  same  man- 
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iier  as  are  cistern  rooms  at  registered  distilleries  must  \ye 
l)rovided.  In  the  i^roeess  of  restoring  the  recovered  alco- 
hol by  redistillation,  it  must  be  received  into  the  cisterns 
direct  from  tlie  wonn  or  condenser  in  the  same  manner  as 
distilled  spirits  are  received  into  the  cisterns  at  registered 
distilleries. 

The  cisterns  and  cistern  room  must  be  supplied  with 
the  same  kind  of  locks  as  are  required  for  similar  rooms 
at  registered  distilleries. 

Sec.  135.  When  tlie  restoring  and  redenaturing  plant 
is  in  0} aeration  it  must  be  under  the  supervision  and  con- 
trol of  a  storekeeper-ganger  or  other  oflScer  designated 
by  the  collector  of  internal  revenue. 

This  officer  shall  carry  the  key  to  the  warehouse  or 
warehouses  used  in  connection  with  the  plant  and  the  cis- 
tern and  cistern  rooms.  When  operations  at  the  plant  are 
susi)cnded  for  tlie  day  he  shall  lock  the  steam  valves  con- 
trolling the  supply  of  steam  to  tlie  several  parts  of  the 
}jlant,  and  such  otlier  appliances  as  will  prevent  the  i)lant 
from  being  operated  during  his  absence.  Under  no  cir- 
cumstances is  he  to  ])erniit  any  work  to  go  on  during  his 
absence,  and  he  shall  exercise  the  sajiie  kind  of  sun^eil- 
lance  over  the  plant  as  is  exercised  at  registered  distil- 
leries. 

APPLICATION  TO  BE  MADE  TO   COLLECTOR. 

Sec.  130.  Any  person  desiring  to  establish  a  plant  at 
which  denatured  alcohol  recovered  at  a  manufacturing 
eslablishnient  may  be  restored  and  redenatured  shall  make 
a])plication  to  the  collector  of  internal  revenue  in  the  dis- 
trict in  W'hich  such  plant  is  to  be  located. 

In  this  n])])lication  he  shall  state  the  exact  location  of 
said  plant.  He  shall  describe  all  of  the  buildings  located 
on  tlio  premises.  Tn  this  description  he  shall  give  the 
size  of  each  building,  the  materials  of  which  it  is  con- 
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If  tlie  Commissioner  is  of  the  opinion  that  the  estab- 
lishment of  the  plant  is  necessary,  and  that  it  is  construct- 
ed in  accordance  with  the  law  and  regulations,  he  will  ap- 
prove it  and  will  so  advise  the  collector. 

BOND   FOR   RESTORING   AND   REDENATURING   PLANT. 

Sec.  137.  Upon  receipt  of  notice  from  the  Commissioner 
of  Internal  Revenue  that  tlie  restoring  and  redenaturing 
l)lant  has  been  approved,  the  collector  shall  notify  the  pro- 
prietor of  tlie  plant  of  such  approval,  and  thereafter  he 
may  receive  upon  his  premises,  restore,  and  redenature 
alcohol,  i)rovided,  he  shall  first  make  a  bond  in  the  fol- 
lowing fonn: 

Know  all  men  by  these  presents.  That ,  of  ,  as 

principal,  and ,  of ,  as  sureties,  are  held  and  firmly 

bound  unto  the  United  States  of  America,  in  the  sum  of  dol- 
lars, for  the  payment  whereof  to  the  United  States  we  bind  ourselves, 
our  heirs,  executors,  and  administrators,  jointly  and  severally,  firmly 
by  these  i)resents. 

The  condition  of  this  obligation  is  such  that  whereas  the  above 
bounden  princii)al  has  established  a  plant  for  restoring  and  redenatur- 
ini?  alcohol,  located  at  ,  and  whereas  said  plant  has  been  ap- 
proved by  the  Commissioner  of  Internal  Revenue  and  the  said  princi- 
pal has  been  authorized  to  receive  upon  his  premises  and  store  in  his 
warehouse  alcohol  withdrawn  from  bond,  free  of  tax,  denatured,  used 
at  manufacturing  establishments  and  recovered  in  the  process  of  man- 
ufacture, and  has  been  authorized  to  restore  such  alcohol  so  received 
to  a  condition  suitable  for  reuse  in  manufacturing  processes,  and  has 
[n^en  authorized  to  redenature  such  alcohol  at  his  redenaturing  ware- 
house located  at  said  i)lant.     Now,  if  the  said shall,  in 

the  operation  of  his  restoring  and  redenaturing  plant,  bring  into  the 
warehouse  si)ecially  set  aside  for  that  purpose,  all  of  the  recovered 
alcohol  consigned  to  him  by  manufacturers  wherever  located,  shall 
safely  store  in  said  warehouse  all  of  said  alcohol  so  received,  shall 
restore  all  of  said  alcohol  to  a  condition  suitable  for  reuse  in  manufac- 
turing i)rocesses  and  redenature  it  in  his  redenaturing  apartment  or 
warehouse,  in  the  manner  prescribed  by  regulations;  and  if  he  shall 
pay  the  tax  of  one  dollar  and  ten  cents  per  proof  gallon  upon  all  the 
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alcobol  that  may  be  coneigncd  to  him  by  any  manufacturer  and  not 
properly  stored  Id  aaid  warehouse,  or  stored  In  said  warehouse  and  not 
duly  reetored.  or  duly  stored  and  restored  and  nol  duly  redenatured 
by  him,  and  if  he  shall  Id  all  respects  comply  wllh  all  of  Ihe  require- 
'  menis  and  provisions  of  the  law  and  reguluttons  In  relation  to  storing, 
restoring,  redenaturlng.  and  disposing  of  said  alcohol,  then  this  obli- 
gation  Is   to  be  null  and  void,  otherwise  to  remain   In  full   force  and 

It  Is  the  Intent  and  purpose  of  this  obligation  that  it  shall  operate 
as  a  traneportat ion.  warehousing,  restoring,  and  redenaturing  trand, 
and  that  liability  under  It  shall  attach  the  moment  any  recovered 
alcohol  is  put  In  transit  by  a  manufacturer  to  the  prlncliial  herein; 
while  it  IB  In  transit  to  him;  after  it  has  been  deposited  in  the  ware- 
house located  on  his  restoring  and  redenatiirlnB  plant;  while  It  Is  In 
process  of  being  restored;  after  It  has  been  deposited  in  his  redenatur- 
ing  apartment  or  warehouse;  white  It  is  in  process  of  redenatitralion. 
after  it  has  been  redpnatured,  and  while  it  Is  In  tninHlt  to  any  manu- 
facturer to  whom  It  may  be  consigned. 

|«EAI..l 

[KKACl 

-^ .       [SEAL.] 

signed  and  sealed  in  the  presence  of — 


PENAL  SUM   OF   BOND. 

See.  138.  The  bond  re<iuired  of  tlie  proiiriefor  of  ii  ic- 
storing  and  ledenaturing  plant  sliall  lie  in  tlic  jyenal  sum 
of  not  less  than  the  tax  on  tJic  alcohol  it  is  ('stiiiiatc<:l  will 
be  restored  and  redenatured  tliercat  in  thirty  days,  and 
in  no  event  shall  it  lie  less  than  five  thousand  dollars  or 
more  than  one  hundred  thousand  dollars.  The  sureties 
may  Iw  either  personal  sureties  or  a  eorjKtrate  surety  duly 
autliorized  to  make  bonds  under  the  existing  laws. 

QUANTITY  OF  ALCOHOL  TO  BE  BETURNED  TO   MAN  tFACTUREI!. 

Sec.  139.  Alcohol  restored  and  redenatured  at  a  plant 
established  for  that  purpose  may  be  i-estored  to  a  condi- 
tion suitable  for  rense  in  nianufaoturing  processes  only. 
Alcohol  recovered  by  any  manufacturer  using  either  sjw- 
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rially  or  r-oinpletely  denatured  alcohol  may  be  restored 
and  reiieiia lured  in  accordance  with  the  regulations  herein 
iiitH-rilitrd,  but  in  each  case  the  manufacturer  sending  al- 
t-ohol  to  such  i»lant  to  Ije  restored  and  redenatured  must 
r*'<"eive  hack  from  such  i>lant  a  quantit>'  of  alcohol  equal 
to  that  sent  to  the  i»lant  to  l)e  restored  and  redenatuwd. 
less  any  reduction  in  quantity  attending  the  necessary 
])ro<i*ss  of  restoration.  In  no  event  shall  a  manufacturer 
r«-«*«Mve  any  gieater  quantity  of  alcohol  from  a  restoring: 
and  redenaturing  jjlant  than  is  sent  to  such  plant  by  him. 
allowance  being  made,  of  course,  for  the  denaturants  ad- 
ded :  and  in  no  event  shall  alcohol  redenatured  at  a  restor- 
insr  and  red f^uatu ring  plant  be  delivered  or  disposed  of  for 
naise  to  anyone  exce]it  a  manufacturer  who  had  delivered 
ie/-(jven*<l  al^'olio]  to  such  ]>lant. 

Nn   nTHER   BUSINESS  TO   BE   CARRIED   ON. 

Sec.  14n.  Xo  business  can  \ye  carried  on  on  the  premises 
of  a  restoring  and  redenaturing  plant  except  such  business 
as  is  incident  to  the  work  of  receiving,  dei)Ositing,  restor- 
ing, and  rtdenatuiing  alcohol  received  there,  and  no  tax- 
j.aid  alcoliol  can  be  received  on  these  premises. 

See.  141.  TJje  jaoniises  of  all  restoring  and  redenatur- 
ing ])lants  shall  at  all  times  l>e  open  to  the  inspection  of 
dulv  authorized  internal  revenue  officei's,  and  thev  shall 
liav(*  the  right  to  obser\'e  the  processes  and  methods  ein- 
]»loye(l.  and  take  such  sain])les  of  the  product  of  tbe  plant 
as  in  their  judgment  may  be  necessary. 

PLANT   TO    BE    SECURED   ON    SUSPENSION. 

Sec.  142.  When  the  idant  is  suspended  the  officer  in 
charge  nmst  securely  lock  all  valves  and  cocks  controlling 
the  sui>])Iy  of  steam,  and  the  furnace  doors;  likewise  he 
must  securely  lock  the  cistern  rooms  and  warehouses  con- 
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Dected  with  the  plant  and  deliver  the  keys  to  the  collector 
of  the  district;  and  when  the  jilant  susj^ends  oi>erations  it 
must  )3e  placed  in  such  condition  by  the  oflScer  that  it  can 
not  be  oi^erated  during  his  absence,  or  until  notice  has 
been  given  to  the  collector  by  the  proiJiietor  of  his  inten- 
tion to  resume  work. 

When  tlie  pro})rietor  of  the  restoring  and  redenaturing 
plant  desires  to  susjiend  oi»erations,  he  shall  give  the  col- 
lector of  internal  revenue  notice  of  such  intention:  and 
Avhen  he  desires  to  resume  oi>erations  he  shall  likewise 
give  notice,  and  the  collK'tor  will  thereuiwn  assign  an 
officer  to  the  establishment  who  shall  have  custodv  and 
control  of  it  during  the  jieriod  of  oi>erations. 

PROPRIETOR  OF  RESTORING  PL.\NT  TO  C»WN  REAL  ESTATE. 

Sec.  143.  In  his  application  for  ]>eniiit  to  operate  a  re- 
storing and  redenaturing  ])lant  the  i)roprietor  must  state 
the  name  of  the  i>erson  or  persons  holding  the  fcH^-simplo 
title  to  the  real  estate  ui>on  which  tlie  i>lant  is  I()(*ated. 
In  the  event  the  title  is  not  in  the  i)roprietor  of  the  i>laiit, 
he  must  secure  the  consent  of  tlie  owners  of  sncli  fee-sim- 
ple title  in  the  same  manner  as  is  required  in  the  case  of 
registered  distilleries. 

MANUFACTURER    TO    KEEP    RECORD    AND    SEND    NOTICE    oK 

SHIPMENT. 

Sec.  144.  A  manufacturer  using  denatured  aleoliol  and 
recovering  it  in  i>rocess  of  mallufa^tu^(^  and  desiring  \o 
have  such  alculiol  restored  to  a  condition  suitable  for  re- 
use in  manufacture  at  a  restoring  and  redenaturing  i>hint, 
must  dei)osit  such  alcohol  as  it  is  recovered  in  tlie  (h»sig- 
nated  storeroom  on  his  inanufa(*turing  )>reniis(»s,  in  thi>> 
same  manner  a>  recjuirod  of  manufacturers  who  restoro 
alcohol  on  their  own  ])remises. 
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He  must  keep  a  record,  in  which  he  shall  enter  the  quan- 
tity of  alcohol  in  wine  and  proof  gallons  recovered  each 
dav  and  stored  in  his  storeroom.  At  such  times  as  he 
may  desire,  he  may  ship  such  recovered  alcohol  to  a  re- 
storing and  redenaturing  plant,  but  before  it  leaves  his 
storeroom  he  must  put  it  into  suitable  packages,  and  upon 
the  head  of  each  package  he  must  place  the  following 
marks : 

Denatured  alcohol  recovered  at  the  manufacturing  establishment  of 

,  storeroom  No.  ,  located  at ,  in  the  district  of 

,  wine  gallons,  proof  gallons,  serial  No.  — • — . 


He  must  number  these  packages  serially,  beginning 
with  No.  1. 

U])on  the  credit  side  of  his  record  he  shall  enter  the 
date  upon  which  he  sends  any  recovered  alcohol  to  the  re- 
storing and  redenaturing  plant,  the  name  of  the  proprietor 
of  the  ])laKt  to  which  it  is  sent,  the  number  of  packages, 
tlio  serial  numbers  of  the  packages,  and  the  wine  and 
proof  gallons. 

NOTICE   TO    BE    SENT   TO   COIXECTOB. 

See.  145.  I^pon  the  date  upon  which  he  places  in  tran- 
sit any  recovered  alcohol  he  must  prepare  a  notice,  in 
which  he  shall  state  the  number  of  packages,  the  serial 
numbers  of  the  packages,  the  wine  and  proof  gallons,  and 
the  name  of  tlie  restoring  and  redenaturing  plant  to  which 
the  recovered  alcohol  is  sent. 

"I'liis  notice  must  be  in  triplicate,  provided  the  restor- 
ing and  redenaturing  ])lant  is  located  in  one  district  and 
the  manufacturing  establishment  is  located  in  another.  If 
tliev  are  both  in  the  same  collection  district,  then  it  mav 
be  ]:)re):)ared  in  du))Iicate.  One  copy  of  the  notice  is  to  be 
sent  to  the  collector  of  the  district  in  which  the  manufac- 
turing ]^lant  is  located,  another  copy  to  the  collector  of 
the  district  in  which  the  restoring  and  redematuring  plant 
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wliom  received,  the  number  of  packages,  the  serial  num- 
bers of  the  packages,  and  the  wine  and  proof  gallons. 

Upon  the  credit  side  of  this  record  he  shall  enter  the 
date  ui)on  which  he  delivers  any  alcohol  to  the  proi)rietor 
of  the  i)lant  for  restoring  purposes,  the  name  and  address 
of  the  persons  from  whom  the  alcohol  was  rec^eived,  the 
nunil)or  of  i)ackages,  the  serial  numbers  of  the  packages, 
and  the  wine  and  proof  gallons. 

From  this  record  he  shall  make  a  report  each  day  to 
the  collector,  in  which  he  shall  show  the  number  of  pack- 
ages of  recovered  alcohol  entered  into  the  warehouse  on 
that  date,  the  name  and  address  of  the  persons  from  whom 
it  was  rweived,  the  serial  numbers  of  the  packages,  and 
tli(»  wine  and  proof  gallons. 

This  report  shall  also  show  the  quantitA'  of  recovere<l 
alcoliol  delivered  from  the  warehouse  to  the  proprietor 
of  file  ])lant  for  restoring  puT]>oses,  the  name  and  address 
of  the  ])ers()ns  from  whom  received,  the  serial  numbers 
of  the  ])ackag(»s,  and  the  wnne  and  proof  gallons. 

'I'lie  above  rword  and  rey)ort  shall  be  designated  as  a 
Avarehonse  re(^ord  and  report.  The  report  shall  be  made 
at  tln^  close  of  business  on  each  day.  At  the  end  of  the 
month  the  ofiicer  in  charge  of  the  plant  shall  make  a 
monthly  report,  which  shall  be  a  transcript  of  this  record. 


KESTOKED   ALCOHOL  TO    BE    REMOVED   FROM    CISTELN    ROOM    TO 

DENATURING  ROOM. 

Sec.  148.  As  fast  as  the  alcohol  is  restored  it  shall  l)e 
drawn  off  into  packages  from  the  cisterns  in  the  cistern 
I'oom  and  shall  be  gauged  and  transferred  to  the  denatur- 
ing warehouse  and  at  once  redenatured.  These  packages 
shall  1)0  numbered  serially,  beginning  with  No.  1  for  each 
restoring  plant. 
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REDENATURING    WAREHOUSE    RECORD. 

Sec.  149.  The  oflScer  in  charge  of  the  plant  shall  keep  a 
record  to  be  known  as  the  denaturing  warehouse  record, 
in  wliich  he  shall  enter  each  dav  the  number  of  wine  and 
proof  gallons  of  restored  alcohol  received  from  the  cistern 
room  and  deposited  in  tlie  denaturing  warehouse,  the  num- 
ber of  packages,  and  the  serial  numbers  of  the  packages. 

Upon  the  debit  side  of  this  record  he  shall  enter  the 
number  of  wine  and  proof  gallons  of  alcohol  delivered  to 
the  proprietor  of  the  plant  each  day  for  redenaturation, 
the  number  of  packages,  and  the  serial  number  of  each 
package. 

Prom  this  record  he  shall  make  daily  returns  showing 
the  (juantity  of  alcohol  restored,  gauged,  and  deposited  in 
the  denaturing  bonded  warehouse  and  delivered  to  the 
proprietor  of  the  plant  for  redenaturation. 

He  shall  likewise  keep  a  record  of  the  denaturants 
brought  upon  the  premises  and  deposited  in  the  material 
room.  This  record  shall  be  similar  to  the  record  kept  for 
the  same  pun>ose  at  denaturing  bonded  warehouses  oj^er- 
ated  in  connection  with  distilleries. 

OFFICER    TO    KEEP    REDEXATURATION    RECORD. 

Sec.  150?  The  officer  shall  keep  a  record  of  alcohol  re- 
denatured,  gauged,  marke<l,  stamped,  branded,  and  de- 
livered to  the  i)roprietor  of  the  restoring  and  redenaturing 
plant.  This  record  shall  be  similar  to  the  record  kept 
in  denaturing  warehouses  oi)erated  in  connection  with 
distilleries. 

The  i)ackages  of  alcohol  redenaturcnl  at  a  restoring  and 
redenaturing  plant  nuist  be  numbered  serially,  beginning 
with  Xo.  1,  and  no  two  packas:es  must  have  the  same  num- 
ber. The  ]iackages  of  alcohol  redenatured  at  restoring 
and  redenaturing  plants  must  be  gauged,  marked,  stamp- 
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ed,  and  branded  in  the  same  manner  as  such  packages  are 
gauged,  marked,  stami)ed,  and  branded  at  denaturing 
bonded  warehouses  operated  in  connection  with  distiller- 
ies. 

Vyxm  the  head  of  the  package  must  be  stenciled  the 
name  of  the  i>roprietor  of  the  restoring  and  redenaturing 
plant,  the  district  and  State  in  which  it  is  located,  the 
serial  number  of  the  package,  the  serial  number  of  the 
stami>,  and  the  wine  and  proof  gallons,  and  the  words 
'*Ke<lenatured  alcohol"  must  be  placed  thereon  in  legible 
letters. 

.VLCOUOL  SENT  OUT  FROM  REDENATURING  PLANTS. 

Sec.  151.  If  the  alcohol  is  redenatured  by  the  use  of 
si)CH*ial  dcnaturants,  then  the  same  kind  of  notices  as  are 
given  to  the  several  collectors  in  the  case  of  specially  de- 
natured alcohol  sent  out  from  denaturing  bonded  ware- 
houses oi)erated  in  connection  with  distilleries  must  be 
]>rei)arcHl  and  fonvarded  to  the  collector.  Likewise,  the 
nianufactuier  receiving  the  alcohol  must  give  a  notice  to 
tlie  collector  of  his  district  similar  to  that  required  in  a 
case  of  si)ecially  denatured  alcohol  received  direct  from 
denaturiiic:  bonded  warehouse.  The  manufacturer  must 
charc:e  himself  on  his  record  with  the  alcohol  received 
in  till  same  manner  as  is  required  in  the  case  of  alcohol 
re(!eived  direct  from  denaturing  bonded  warehouse. 

COLLECTORS  TO  KEEP  RECORDS. 

Sec.  152.  Collectors  in  whose  districts  restoring  and  re- 
denatunng  plants  are  operated  shall  be  provided  with 
records  in  which  shall  be  kept  the  account  of  each  plant 
In  this  record  shall  be  entered  the  quantity  in  wine  anu 
])roof  gallons  of  recovered  alcohol  daily  received  and  de- 
posited in  the  warehouse  at  said  plant,  the  number  of 
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packages,  the  serial  numbers  of  the  packages,  and  the 
names  of  the  manufacturers  from  whom  received. 

Said  record  shall  also  show  the  quantity  of  alcohol  in 
wine  and  proof  gallons  delivered  to  the  proprietor  of  the 
plant  each  day  to  be  restored,  the  names  and  addresses 
of  the  persons  from  whom  received,  the  number  of  the 
packages,  and  the  serial  numbers  of  the  packages. 

Collectors  shall  also  keep  records  similar  to  those  kept 
in  case  of  denaturing  bonded  warehouses,  showing  the 
quantity  of  alcohol  deposited  in  said  vedenaturing  ware- 
house, the  quantity  of  denaturants  dei)ositod  in  the  ma- 
terial room,  the  quantity  of  alcohol  and  denaturants  dump- 
.  ed  each  day,  and  the  (juantity  of  redenatured  alcohol  with- 
drawn from  the  dump,  gauge<l,  and  delivered  to  the  de- 
naturer. 

Persons  desiring  information  as  to  the  oi)eration  of 
distilleries  for  the  i)roduction  of  alcohol  will  be  furnished 
with  all  the  laws  and  regulations  controlling  ui)on  ai)pli- 
cation  made  to  collectors  of  intenial  revenue  or  to  this 
Office.  The  several  forms  herein  pn*scril)(Hl  will  be  fur- 
nished collectors  on  recjuisition ;  and  tlu^  Catalogue  num- 
bers given  such  fonns  will  be  furnished  at  an  early  date. 

John    AV.    Vekkks, 

Commi^.siotu^r   of  lute  nidi   Revenue. 

This  Septemlx^r  29,  190(). 

Ai)i)roved : 

C.  H.  Kkkp, 

Actiufj  Secretary  of  the  Treasury. 
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;  Alllhn's    tabic   for   detcrmlnine   the  dex- 
r»-o<o    from    the    reduce*!    copper, 
ir»R  200 
-Alrmann   vaporizer,  the,  366.  367 
.Vmidc<?   in   crraln.  SS 
in    !>otato<>s.    49 
.\mTl   Picohol,  4r»    318 
I  .\myl..barti^r.   234 
.\mylo-dPXfrin.   28 
.\mvlo  process,    the.    289-292 
.Vmvlomvcp*.   *\<{9 

Ronxfl.    106.    226 

Ronxii     fermentation    with,   289-292 
Amylnm.  22  31 

SOS 
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Appendix.  411-505 
Artk'boke,  Jeru8alem,  the.  67 
ArtB.  alcohol   In  the.  11.  12 
Autoiiiatf)n.  Ilj^es'  refined  spirit.  314,  315 
AvenariuM    Brothers,    126 

Bacillus  a(Mdiflcanf)  longisslmus,  233 

Fit xia nils.   227 

pnf*unioniH',  227 
Bactt*ria.  frniiontatlon  exciting,  226,227 

in    the   distillery.   232-235 
Bacterium  prodlKiosum,  227 
Balling,  degrees.   185 
Barley.  5l>.  r,(i 

l>est  variety  of,  for  malt  preparation, 
70-73 

chitting   of.   03 

cleansing  and  sorting  of.  75,  76 

composition  of.  50 

content  of  water   In,  00 

determination  of  the  proper  steeping 
period  for.   80.    81 

determination   of   the   siiituhility   of, 
for  malting.  7(».  73 

germinating   power  of,    72 

germinating,  88.  80 

malt,   efficacy   of.   00 

preparation  of  malt   from.  70-83 

mashing  of.    15(>-150 

starch  granules  of.   22-24 

steeped,   removal  of.   to   the   malting 
floor.  02 

stepped,  treatment  of.  upon  the  malt- 
in»r  fl«»or.   S5.  HC,  i>2  04 

steeping  (  f.  77  83 

sterile  grains  of.   70 

test   for    the   duration   of   the   stepp- 
ing of.  84).  81 

varlt'tlcs  of.  50 

washing  mnchino  for,  76 

washing.   ni«>thod  of.  75.   70 

wei;:ht    and    volume    alterations    In, 
loo 

yield    of   malt    from.    00 
Bartel   hlow-out  pipe.   the.   120 
Ban's   method  of  (llstlngnlshlm;   top   and 

bottom  yeasts,   22:i 
Bauer's    method    of    veast    prej»arntion. 

251 
Becher  on   fermentntlon.   2ni) 
Beer,   diseases   of.    21  n 

high    fermentjitlon    of.   223 

low    fermenlntlou.    223 
Beet    juice,    eoustltuents    (»f,    t;5 

determination     of     the     content     of 
sugar   In.   <»5 

extraction     of.     by     maceration    and 
dlfTusltm.    151) 

extraction   of.   by   pre<!sure.    150 

fermentation   of.*  150 
Beet  molas<jes.   working  of.   150.    160 
Beets,  sugar.   65 

i)repnrntlous    of    mashes    from.    150 
Belgium,    statistics    of    alcohol     produc- 
tion   In.   407 

steaming  corn   in.   133,    134 
Benzene.   358.   350 
Benzine.   411-415 
Bell  rectifier,  the.  208,  209 


Berries,  68 

sugar  contents  of,  68 

Biesdorf  steam  distributi(m.  the.  137 

Blow-out  devices  of  steaming  apparatus, 
128-131 

Bohm's  malt  milk  apparatus.  HI 

mash   clearing   apparatus.    175.    176 
mash  mill,   1.31 

mashing     and      cooling     apparatus, 
160-171 

Bottom  yeast.  223 

Brewer's   yeast.    223 

Brix,   introduction   of   the  saccharometor 
by.   185 

Broken  couch,   the,  03 

Buchner's   researches  on  yeast,   211,  212 

Buckwheat,   64 

BUcheier's    method    of    working    concen- 
trated  potato   mashes,   155 

Butyl    alcohol.    2.34.    244 

Butyric    add.    checking    of    fermentation 
by.  230 
fermentation.    234 

By-products  of  fermentation.  44.  45.  288 

Bv-fermentation,  loss  of  alcohol  through, 
288 


Cane  sugar.   160 

molasses,   working   of,   15t),    160 
Carbohydrates.   24.   25 

determination   of   tho   total   quantity 

of.  in  :uash,   105-107 
groups  of.  24 
Carbon  dioxide.   4  1 
Carbonic  add.   44 

Carbureters    for   alcohol    motors.   3<>.3  370 
Carlsberj:   llask.    the.   21  s 
Carrot.    ;,'Ignuilc,    the.    tl7 
Caustic  potash,   use   of.   for   the   purltica- 

tion  of  nb'oboi.  ;5:j5 
Cetitrlfnunl    appnratus    for    the    prepara- 
tion of  malt   ninl  yenst.    Ilu 
mnsblng  apparatus.    KJ2-172 
Chaml)er.  yea*.!,    ilie.    2  16 
(.*harcoaI.     apparains     for     liittriug     raw 
spirit    tbroUL'h.    324.    325 
niteriim   spirit    through.    324.    325 
reircnej-atlon   (»f.    .'J25 
use  of.   I'nr   the   purKkatlon  of  alco- 
hol.   :\'2i 
ChemicnN    for   ])urlfvlng  raw   spirit.  325 
rii.-rrii-.  r,s 

<'lilef   f.-rmeutntinu.    the.   2«>7.   26S 
Cblcorv.   i\7 

CblttlUi:   of  barlev.   the.  '.K 
Cicnrlnu'   the   nia-^h.    IT.'Msj 
Coal   couMiinptJou   of  tbi'   tINtlllery,    the. 

1S4.    1S5 
ColTey's   «lUiilI!nir    apparatus,    304 
Compound  disilllatluu.  ."{no 
apparatus   for.   .".on  :;t>«> 
rectlllcatlon.       and       diphleirmatlon, 
.300-.T16 
Compressed   air.   worklnc  corn  by   means 

of.    M.". 
Concentrated     mashlnir.     advantages     of, 

273.  274 
Continuous  distilling  apparatus.  3n3-316 
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CoDtlnuou8   diPtillint?  npparatufi    for   thp 
production  of  raw  spirit.  304-309 
Cool   lH*d.    the.   i:()4 
Cooler.   movalJle.    ihe.   2r»3-L»r)r» 

for   fiTmentlng  vats,  2(iV»-271 

He8s«'s.  270 

KainiiiMkrK.   271 
C'ooItTH.  yrast  niasb.  255.  250 
i'oolinK   apparatus    for   fermenting   vats, 
2O5-207.  209-271 

the    mash    to    the    fermenting    tcm- 
poratiire,    2<)4-2<»8 

with    li-e.   207.   208 

with   lie,   quantity   required  for,  208 
Corn.  01.  02 

and  potatoes,  mashing  a  mixture  of, 
144 

cou'posltlon  of,  01 

Indian.   01.   02 

malt,  effltaey   of.    100 

malt  from.  KiO.  104,  105 

mashing  with,  150 

stalks.   5.  07 

starch,   determination  of,  02 

starch.  grannloK  of.  23.  24 

transportation  of.  dangers  in  the,  02 

working    of.    at    ordinary    pressure, 

working'   ^rlst.    1^0-141 

woiklim    with   sulphurous   add,   134, 

i;',:. 
working    undor    high    pressure,    135- 

11 2 
w<.rkini:    innlt.-d.    143.    144 
Winking    with     the    use    of    mineral 

acids.   142.    143 
Coucli.   hrckfu.   tin-.   H3 
gniwinj:.    th«'.   P.'t 
Wft.    tJH'.   '.»•_• 
voniig.    Ihr.   *X\ 
Crushing   mill    Un-   malt.   109,    110 


I  >n  in  sons.   08 
I>{iU(iis.   the.   07 
IX'Uil  periods.   '2'2V> 

prepMiatlon  ot"  vrast  with  the  avoid- 
11  no-  of.   242" 
I»e   Ijiiciur   on   fermentation.   210 
l>e!!)ni,k.  mash  tiller  of.  the.   is«.  189 

on    foaming   feiinentation     270.    277 

o?i    iiurc  yeast    culture.  217 
Denaturing  of  nhnhul.   ihc.  .'{13-352 

tile  jiurpose  of.   343 

regul.Mtions,   T'nlted   States.   344,  345 

r<'gnlntinns.   (lerinany,   345-348 

•egiil.'itions.    Kngland.   34S 

roguljitlons.    Kranee.    34S-352 

regulMtions.  Sweden.   353 
Dephleunjation.    297-.'{00 

loiMpouiKl    «listIllatlon.    rectification, 
and.  :Hin.::ir, 
Dephleunuitor.     Important    rules    regard- 
ing   the.    20.S 

the    modern.    .3no.313 

theorv    of    the     •JWT 

Vcrchow's,  :{in.  .'Ml 

Wagener's.    .312.    313 
Deutz   vaporizer,   the.  304-366 


Dextrin.  28 

and  maltose,  quantitative  detenDln- 
at  ion  of,  in    the  mash.  195- 197 
Dextrin,    separate    determination   of.  in 
the  mash.  190,  197 
change  of  starch  to.  28 
proportional   quantity   of.  27 
Dextrins.  conversion  of  starch  into,  28 

fermentation  of,   28 
Dextrose,  19,  230 

AUihn's    table    for   determining  ibe, 
from  the  reduced  copper.  198-200 
Dhurra.   04 
Diastase.  10.  33-36 

action  of.  upon  starch.  30,  31 
composition  of.   35 
effect  of   the   temperature  upon.  35 
kind  of  stigar  formed  by  the  action 

of,  upon  starch.  34 
maximum    effect    of,    on    gelatinized 

starch.  ,35 
stimulation  of  the  power  of.  36 
Diastatlc  efficacy  of   malt.   I<i0 
Disintegration  of  the  starch  of  the  raw 
materials,     and     the    preparation 
of   mashes,    112-149 
Distillation.   20 

and    rectification.    300-316 
compound.   293-325 
products    of.    3(10 
simple.   43.   290.   297 
simple,  product  obtained  by.  300 
Distillery,  coal  consumption  of  the.  184, 
1X5 
power    necessarv    to    drive    the    ma- 
chinery of  the.    182-184 
water  consumption  of  the,  281 
yeast,  characteristics   it   should  pos- 
sess. 223-225 
Distilling  apparatus.  .3<K>-319 

arrangement   of  the.   335-337 

cleaning   the.   310,    317 

CoiT«'y's.   MH 

continuous.   .303-310 

for    the    production    of    raw    spirit, 

3(»4-309 
for   the  production   of  spirit   direct- 
ly from   the  mash.  315.  310 
general  type  of  column,  3O4-307 
Ilges'.  314.   315 
periodical.    .300.303 
ristorius'.   .301-3t>3 
Sava lie's.  304 
simple.   297 

two-part,   column.    .307-309 
Doenltz.     K..     (iroening's    alcohol     table 

amplified   b.v.   294 
Dresdcner  vaporizer,   the.  308.  309 
Dron  culture.   214.   215 
Drying  barley,  alterations  In.   Hm> 

preservation  of  malt  bv.  loo-lOS 
Dllrr  vaporizer,   the.  307.   308 

Eckert   mashing   and    cooling    apparattifl^ 

the.    108.   109 
potato  washer,  the.   112.   113 
Efficiencies,     comparative,     of    gasolene. 

kerosene      and      aVohol      motors, 

3.59-302 
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EffroDt's    method    of    preserving    yeast 

with  fluoric  arid,  248 
Electricity,    purlflcatioD    of    alcohol    by, 

325 
Ellenberger's,     Venuloth     and,     mashing 

apparatus,    KH 
Embryo,  growth  of  the,  during  germina- 
tion, «8.  89 
Emergency    yeast,    preparation    of,    242, 

243 
F!ndogenouR    spore    formation,    21(? 
Engines,  alcohol,  efficiency  of,  8-11,  350- 
3«2 
Increasing   use   of    Internal   combus- 
tion. 2.   3 
Internal     combustion,     numl)ers     In 
use.  3 
England,  denaturing   regulations   In.   348 
English  method  of  mashing,  the,  150-158 
Enzymes.   32 

carl)ohydrate,  .33 

carbohydrate.      action      of      during 

germination.  87 
of   greatest    Importance    In    dlHtllla- 

tlon.  the.  34-40 
proteolytic.   33 

proteolytic,  action  of  during  germi- 
nation, 87 
Ether.  31 « 
Erythro-doxtrln.  28 
Ethyl   alcohol,  42 
Eiiiotium  oryzae,   105 
Examlnathm    of    alcohol     and     alcoholic 
lU|uors    for    fusi'l    oil,    and    other 
ImpurltieK.  317.  31 S 
of     the     mash     after     fermentation. 
281-287 
Ej^hauHter,  the.  125-128 


Fatty   acids,    volatlh'.    effect    of.    on    fer- 
mentation.  230 

Fehllns's  solution,  proparntion  of,  11)7 

Feints.   ;UJ> 

Felti'd  malt,   \)H.  00 

Fermenlathm.   20.   204-235 
after-.   208.   200 
alrohollr.    2(H  235.    200  203 
alcoholic,    as    It     Is    und«'rst«»od     to- 
day. 208.  200 
alcoholic,   by-products  of.   44.   45 
alcoholic,    products    of.    41  44.    231- 

chfeVr  207.    208 

chocking  (»f.   by  butyric   acid.   230 

cleanliness   In.   234 

dofinltlon   of.   20S 

develonment     of    heat     during.    227, 

228 
effect  of  nitroconous  ncbl  op,   220 
effect   of  volntllc   fntty   ncid   on.   230 
effect  of  alkalb's  on.  230 
effect   of   sulohtirons  acid   on.   220 
excltors  of.   212  2H; 
exciting    mold    funul    and    bacteria, 

fon'mlncT'275  278 
historbal   data    of.   200  212 
In   the  yeast    niash,  258,   259 
Induction  of,   10 


Fermentation  In  practice.  200-292 
losses  in.  287-2.S8 
of  beet  Juice,   150 
of  dextrins.  28 
of  the  mash,  yield  of  alcohol   from, 

287-2S0 
of  the  yeast  mash,  determination  of 

the  degree  of.  204 
periods.    20(5-200 
periods,  value  of   longer,   275 
pre-.    200.    2»57 

products    obtained   by.    231.    232 
pnmiotlon    of.    by    lactic    acid.    232, 

233.  244-247 
regulation    of   the    temperature   dur- 
ing, 207 
substances  capable  of,  230 
substances    Injurious    and    favorable 

to,   220,   230 
vat   cooling,   movable.    In.   209-273 
Fermented    mash,    determination    of    th« 
acidity    of    the.    285.    280 
examination    of    the.    with    the    sac- 

charometer,    281-285 
Investigation   of   the.   2.S1.287 
Fermented    nmshes.    distillation   of   alco- 
hol  from.   203-320 
Fermenting    room    and    fermenting    vats, 
the.    278-280 
room,  construction   of  the,  278.   270 
temperatun*.    cooling    the     mash    to 

the.    204  20M 
vats.   270.    2SO 

vats,   c(M»lIn>r  apparatus   for,  207 
vnts.    varnlsli    for,    208 
Ferments.   lt>.  :{2  40 
chemical.  32 
organ lze«l.   .32 
Filter    for    flli«M-|ni;    raw    spirit    through 

clinrconj.    325 
First    ruunlnus.   .'{10 
Fission    fiiUKl.    232 
Flask,    rnrlsberir.    the.   21 S 

Pasteur,  the.  21S 
Floor,  null  ting.  the.  8  4 
Fluoric   a<  id.   picparatlon   nf  yeast    with 

24. *< 
Foaniliii:  f»Minentatlon,   275-278 
Fore^hofs,    310 
Fiirmlc    a.iil.    42 

Fotb's    table   for  detern'inlujr   the   np[)ar- 

ent     dei»ree    of    I'eriuentat  Ion     an<l 

tb"     alcobol     (*ontent     of     mashes, 

2S-1 

France,    dennturitu;    regulations    In,    340- 


siaiKiIr-.'    of    nicoliol    {iroductirtn    in, 
405.  4o«; 
Fresenliw.    nnalv^ls    of     fruits    and    lx»r- 

rb's   by.   »;s 
Fructification    of   y«'nst  cells.   215,   210 
Fructose.    2::o 
Fruits,   production    of  ab^ohol    from.   08 

sucar  content   of.   OS 
Fuel,   ab^oboi   ns.  advantaees  of.   0 

li<pild.  the  demand  for  a  cheap,  2 
Funul.    fission.   232 

malt  from.   105.  100 
Funcus   fermentation.   289-292 
Furfurole,  318 
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Fiisfl  nil.   44.  317-319 

(lt>t(>rmiDatiou   of.  317.  318 
(IftHctlon   of.   317.  318 
iiK'thod  of  removing.  31S,  310 

Fiisvl   oUu.   44.  318 

Gasoline.  Insufficloncy  of  tho  Rupply  of,  4 
Gj'rmany.    statlHtics    of    alcohol    produc* 
tlon  In,  401-404 

(l(>naTr.*-{nK   n>guiatlons   in,   345-348 
(Jerraination,  H'2,  83.  86-02 

conimeiicemvnt  of.  86 

dov(>Io|)mont    of    the    grain    during, 
OU-01* 

during    long   mnlting.   00-08 

growth  of  the  embryo  during,  80 

process  of.  the.   8002 

resiiirntioii  during.  80,  00 

temperatures   f(»r.  00 
Germs.   devel(»i)ment    of   the,  80 
Giy:nntie  »arrot,   the,  67 
<;iu(Hse.   L»:io 
illueose.    !.';{(> 

and  grnpe  Rugar.  alcohol  from,   160 
<;iycerlne.    4ri.   231 
Grain.   ri0-6."> 

amides  in.  87 

respiration    of.    during    germination, 

tn'Miinenf   of.  In  the  Ilcnze  pteamer, 
l.'iJ  140 

fr«'atin«'nr     (»f.     upon     the     malting 
floor.    0-J0  4 
Grape   suu'ir.    1«5(),    -J.'IO 

and    irlucosc,    manufacture    of    alco- 
hol   finni,   1«;<) 

Great     nrlfaln.     <lenatnring     n'gulations. 
:us 

*^tat l>^f l<s    of    alcohol    production    in. 
•Km: 
(Jreen    corn    stalk**,    production    of    alco- 
hol   froui.    r»7 
malt.    Kh; 

malt,     preparation     of    veast     from, 
L'P»  L'lL' 
Grist,   the  worklni:   of.    130-141 
Groculnu's     alcohol     table,    amplified     hy 
nocnitz.    'Jl)4 
as  corrected    hy   Sorel.   205 
(Jrowlug  couch,  the,  03 

Ilamp.j     mash    clearing    ai»paratus.    the, 
17«;.    177 
mashJMu  an<l  coolnm  apparatus,  the, 

i«;r>.  i(W5 

Ilans.'ti.  Inv.'siigailons  of,  210.  211.  215, 

J17 

pure  yeast   culture  of.  217 
Heat.    (level(»puu'nt    of.    during   fermenta- 

■     tlon.    227.    22S 

value   of   al<-ohoj.    the.    ;i.")8 
Ilt'jitlu'..'    with    nicoh.)!.    ;»>7:i-:{00 

advaniai,'«'s  of.  .",7."..  374 

appliances   for.   377.   300 

•  •conomy    of.    .'574.   37.' 

nature  of  the   fuel   in.  37." -377 
Ilecknumn       Iw^ll-rectlfving       apparatus, 

th(».   321.  322      ' 
llclnzelmann  on  yeast  masldng.  230.  240 


Henze  steamiog  apparatus,   the.    117-132 

arniDgement  or,   117-120 

blow-out  devices  of,  128-131 

closures  for,   122-125 

devices  used  with.  125-132 

size  of,    122-123 

table  for  estimating  the  size  of,  122 

treatment  of  grain  In.  132-140 

use  of,   120-122 

working  corn  In,  135-144 
FlermbstUdt,  Investigations  of.  l.<;."i 
Historical  data  of  alcohol.  20!>-212 
Hesse's  method  of  long  malting.  00 

vat  cooler,  270 
nintz-O^bel    mash    clearing    apparatus. 

the.  177,  178 
Hoppe-Seller  and  Traube.   theory   of.   ;iO 
Hoilefreund  steaming  apparatus,    110 

working  com   In,    141 
Hop  yeast,  preparation  of.  242,  243 
nonse,  malt,  the,  83-86 
Hydrometer,  the,  286 

Ice,  cooling  with,  207.  208 

quantity  of  required  for  cooling.  208 

Ilges'   distilling  apparatus.    314.   315 

Illumination  with  alochol.  301-308 

Impurities  In  raw  spirit,   318 

Instructions,  regulations  and.  concern- 
ing denatured  alcohol  un'»er  the 
act  of  Congress  of  June  7.  lOoo. 
410-505 

Invertase.  33 

Iodine,   examination  of  starch    with.   20. 
30 
solution,    test  of  the   mash    with    the, 
100-102 

Jerusalem  artichoke,   the,  07 

Kamlnski   vat    cooler,   the.   271 
Kililng-Oppenhelm    process,    the.   325 
Kiln-dried  malt.   100.  107.    lt>8 
dia static   power  of.    107 
preparation    of  yeast    from.    242 
Kiln  drying  malt,  method  of.  H»7.   10.<^ 
Krocker's    method    for    determining    the 

starch     of     potatoes     hy     spe<ilic 

gravity.  56.  57 
Kiitzing    on    acetic    acid     fermentation. 

210 

Lacquer  for   fermenting  vats.   2.S0 
Lactic    acid,    and    volatile    fattv    acids, 
yeast  preparation   with.  250 
technical,    yeast    preparation     with. 

248-250 
favorable     effect     produced     in     tlie 

yeast   mash   by    the.    232.    233 
ferment,     temperature    favorable    to 

the   growth   of.   234 
fermentation,    232-234 
races,    233 
pure  culture.  245 

promotion   of   fermentation   bv    232. 
244 
I^mp.   alcohol,   the.   ,302-307 
advantages  of.  ,397.   308 
Lehshaas'  mash  clearing  apparatus.  175 
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Lighting  with  alcohol.  391-398 
Levulose,  230 

Lleblg'B  theory  of  fermentation,  210 
Lindner's  Investigations.   217 

pure  culture  apparatus,  220-222 
LIntner's    method    of    producing    soluble 

starch,  28 
Lipase,  34 

Liquid  fuel,  the  demand  for  cheap,  2 
Long  malt.   04-08 

from  oats.  104 

from  rye  and  wheat,  102 
Losses  In  fermentation,  287,  288 

Maceration   and   diffusion,   extraction   of 

beet  juice  by.   ir»0 
Maercker,     mode     of     preserving    yeast. 

recommended  by,   2«1 
Maize,  01-03 

malt  from.  100,  104,  105 
mashing  with,    159 
starch  granules  of,  23,  24 
Malt.   10 

alr-driod.   106.  107 

alr-drled.  diastatic  power  of.  107 

and     yeast,     centrifugal     apparatus 

for  the  preparation  of.   110 
comparison    of    the    efficacy    of    the 

different   varieties  of.  100 
comp(»sItIon  of.  91).  203 
content  of  barley  In,  99 
cont*»nt  of  wat«»r   In.  99 
crusher.    109.   110 
diastatic  efficacy  of.  100 
embryo,  composition  of  the,  90 
felteci.  9«,   99 
for  yeast.   237 
from  com.   100.  104.  105 
from  funj?!.   lor>.   100 
from   maize,   loo.   104.   105 
from  oats.   lOO.   102-104 
from  rye.   10O-1O2 
from    wheat,    100-102 
green.    100 

preen,   ccmiminution   of.    109-111 
green,    preparation    of    yeast    from, 

24o.ii4i> 
house,   the.   H3 

house,  arrangement  of  the.  83-SC 
kiln-dried.    100.    107.    108 
klln-drled.  (ilastatli*   power   of.   107 
kiln-dri««d.    eompoHition    of,   203 
kiin-dried.      preparation      of      yeast 

from.   242 
bm>?.  I)4-9S 
long,  from  onts.  104 
lontr.  from  rye  and  wheat,  102 
loss  In  efficacy  of.  by  drying.   107 
material    suitable    for    the    prepara- 

tlon   of.   70 
milk  npi^aratus.    Ill 
preparation   of,    09-111 
preparation  of  the  best,  barley  for, 

70-73 
quantities    necessary    for    sacchari- 

/a tlon.    lOfi,   109 
purpose  of.  in  distillation,  the,  69 
water  content  of.  99 
well  dried,   qualities   of.    108 
yield  of,  from  barley.  90 


Maltase.  33 

Malted  corn,  working  of.  148,   144 
Malting,   determination    of    the   suitabil- 
ity of  barley  for.  70-73 
floor,  the,  84 

floor,  treatment  of  the  steeped  bar- 
ley upon  the,  85,  86,  92-94 
grain,  70-73 

important  considerations  In.  69 
long,  duration  of.  95,  98 
long,  germination   during.   96-98 
long.    Hesse's    method   of.   96 
water,    properties    which    it    should 
possess.    1 3-75 
Maltose.  19,  151.  230 

and    dextrin,    quantitative    determi- 
nation of.  In  the  mash.  195-197 
and    dextrin,     separate     dotermina- 

tlon  of,  in  the  mash.  196,  197 
and    dextrin,     proportional     quanti- 
ties of.  27 
Weln's    table    for    determining    the, 
201,    202 
Mandel's   process  of  working   corn   with 

compressed   air.    143 
Manufacture,   summary   of  the   processes 

In   Nplrit.    19-21 
Manufa<'tures.    alcohol    In    the.    11.    12 
Marieufelde  alcohol   motor,   the.  370-372 

vaporizer,   the.   361».  370 
Mash,  air  cooling  of  the.  204 

apparatus    for     the     production     of 
spirit  dlrectlv  from   the,  315.  310 
clearing   the.    173-182 
clearing    the.    advantages    of,     174. 

175 
clearing  apparatus,   175-182 
clearing    apparatus,    choice    of    the, 

1S2 
clearing    apparatus    of    Bohm,    the, 

175.  176 

clearing  a|>paratus   of  Hampel,   the, 

176.  177 

clearing    apparatus    of    IIIntz-<xolH!l, 

the.    177,    178 
clearing  apparatus  of  Leinhaas.  the, 

175 
clearing    apparatus    of    Mtlller,    the, 

ISO.   181 
clearing     apparatus     of     Paucksch, 

the.   178-180 
combined    water   and  air  cooling  of 

the.  205 
contrivances    for    cooling    the.    with 

water.    160-173 
cooling   the.   to  the   fermenting  tem- 
perature. 204-20S 
determination     of     the     content     of 

add  in   the.   193-195 
determination     of     the     content     of 

acid  in  the.  apparatus  for.  194 
determination  of   the  total  quantity 

of   carbohydrates  in   the,   195-197 
examination   of   the   sweet,    185-197 
examination  of  the,  after  fermenta- 
tion. 281-287 
fermentated.     examination     of     the. 

with  the  saccharometer.  281-285 
fermentated.    determination    of    the 

acidity  of  the,  285,  286 
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Mash  Alter.  Delbrnck's,  188.  189 

frntn    a    mixture    of    potatoes    and 

(•(►rn.  144 
niliiH.  i:u.  i:j2 
priiHii>loM   employed   in   cooling  the, 

prodiictH  of   tlie   distiilation   of   the, 

.•MM) 
qiiuiitltfitivo    detormination    of    mal- 

toHo  and  dextrin  In  tlie.  195-197 
cjtiHntity  of  Ire   required  for  cooling 

reviving  the.   with  water,  274 
Hepnrnte    determination    of    maltose 

lind  dextrin  in  the.  VM,  197 
Bw«M't.    tis<«   of    rlp«'  yeant    for   pitch- 

Um:  \\u\  LMU.  •JO'J 
test  of  the.  with  the  iodine  solution, 

ynist    cooh'rs.   'jr».T.    2r»0 

ycuKt.  cooling  tlie.  *2T}'A 

yiiist.  proparntion  of  the,  23(?-240 

yenst.  souring    temperature    of    the, 

IMC. 
ycnst.  sterill/.ntion   of  the,   by   heat, 

•J.M.   '2:^2 
yrjiyt.    rart<'nhelmer*H.    244 
vh'ld  of  Mlcohol   from   tlie  fermenta- 

li.'ii   of  th«\   2S7-2S9 
Mnslirs.    nlculKtIlc.    frnncntntion    of,   204- 


'j:;:. 


rlfnr.  picpnnil  Ion  <»f.    17.'MS2 
i'XjimlnMt  ion     nf.     with     the    snccha- 

roiiK'trr.    is:.  197 
fnim    sio<luulfrr<ius    raw    mnterinls, 

ir.P.    ICO 
from     sii^jir     hc(»ts.     pn'j)nnition    of, 

i:.;» 
frmii    iimlM^scs.   dilution   of.    KJO 
fr«Mii   iMoljissrs.    foriin'utntloii  of.   100 
pIt'tliliiK   iiMiipiMUtur*'   for,   •jr.S 
Sl«'inliril"s    tal)le    for    tin*    «-orr<H'tl(m 

of  tin'  sp«'tHic  gravity  of,  and  the 

nintonl   of  rxtraet    In,   1S,S 
witli    pofMtors.    l.'').'{-ir)5 
Masliiii^'.    l.Mi  isj 

and  cnolin^'  ajjjiaratus.   Ilohm's.   109- 

171 
and      ((toiio^r     apparatus.      Kt-kert's, 

ir.s.   ir.'.» 
and     iMM.linjr     apparatus.     Hampers, 

ir..".  nu; 
and      eoollui:     apparatus.      Pampe's, 

MU'k    \i\' 

nud    <<)olln>;    api)aratus.    Paucksch's, 

Hl.l.  Hit 
nud    <*oollu^:    apparatus,    Wanener's. 

lot 
apparatus.    1 0n  17a.    239.    210 
aop;n;i'">i.   cout rifuKal.    172 
nppai;        .    \ruulrth    and    I'llonbrrp- 

rr's.   101 
apparatus.   wat»'r cooled.    lO.t-172 
apparatus      without       watcr-eoollng, 

101-1(5:1 
liariov.    rve.    wheat,    and    oats,    150- 

1  r>P 
ehi'mi<*Ml   processes  in.  150-152 
ehl.'f  jilui  of.   the.   150 
clonnlluess  in,  153 


Mashing;,    concentrated,     adTantages    aC 
273.  274 

corn.  l.'>9 

corn    with    th«    ase    of    silphurous 
acid.   134,    135 

English   method  of,   the,    156-158 

in  one  period.  156 

In  practice.  153-155 

In  two  periods.   150 

machine.   Steel's  preparatory,  157 

management    of    the    operations   of, 
153-1.'>5 

oar,  steam,  the.  239 

principles  to  be  considered  In,  150- 
153 

process.  Porlon's.  158,  159 

purpose  of,   the.   150 

raw   materials,   table  of  the  compo- 
sitions of  the  Ijest.  203 

saccharlzinjr  period  In.  the.  154 

temperature,  choice  of  the,  151,152 

vat.  preparatory,  the,  101,  162 
Methyl   alcohol.  41 
Mill,  malt  crushing,  109.  110 
Millet.  04 

Mineral    acids,   working   cora    with,   142, 
143 

yeast  preparation  with,  250,  251 
Moisture  in  barley  and  malt,  99 
Molasses.   00.   07 

com|)osltlon  of.  00 

constituents  of.  00 

mashlnj?  of.  1,'»9.  100 

tesiinp    with    Fehllng's    solution.    66 

yield    from.   00 

sugar  in.  00 
Mold    fiuiKl,    fermentation    exciting,    226, 
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Monllla  Candida.  39 
Mother  yeast,  the.  250.  257 

ripeness  of.  259 

removal  of.  200.  201 

quantities   of.  used.  200 

vessels   for   keeping  the.  201 
Motor,   alcohol,   the.  302-372 
Motors,  alcohol,  efficiency  of.  8-11 

fiasollne.  kerosene,  and  alcohol,  com- 
parative efflclencles  of,   3.59-362 
Mucor  erectus.   220 

racemosus,  220 
Milller     mash     clearing    apparatus,     the, 
ISO.   181 

Xiiiiell  on   starch.  24 
Neniatoid  rot.  51 

Nitrogenous    acid,    effect     of,     upon     fer- 
mentation.  229 

Opr.   steam    mashing,    the,   239 
Oat  nuilt.  efficacy  of,  loO 

starch  granules.   22-24 
Oats.  03 

composition  of,  04 

malt  from.- 100.  102-104 

starch   granules   of.   22-24 
O'Sulllvan.  researches  of,  27 
Oxydase,  34 

Pampe's     low-pressure     rectifying    appa- 
ratus. 353-372 


oU 


INDEX 


Saccbarlzatlon,  malt  necessary  for,  108, 

Saccbarlzlng     period     In    mashing,     the 

154 
Bacobarometer,  the,  180-187 

determination  of  specific  gravity  by 

means  of.  185-187 
examination  of  the  fermented  mash 

with   the.   1181-285 
examlnntUm    of    mashes    with    the, 
185-H)0 

Saccharomotry,  185-190 
SaccbaromyceH,   212 

cerovlslae.  212-225 

8|K»reH  of.  212-215 
SarcharoM<>.  2^0 

Saint  John's  bread  extract.  325 
Salt   (oMt  for  notatoes.  the,  56,  57 
Siivallo'H   rectifying  apparatus,  310,  321 
Scale  on  potatoes,  51 

HIeniann'H  iM)tato,  52-54 

HIeniann'H  potato,  precautions  with, 
54  50 
Hchelhner  comminuting  cone,  the,   128 
SchlzoinvoeteK,     In     the     distillery,     232- 

2:ir. 
Srliwnnn    on    forinontntlon.    210 
SoitliiK    tho   yvnnt,    2r.({-258 

ttMnpcraturcK  for.  258 
Simple  <llstlllatlon.  200,   207 
Soluble  starcli.  2S 

Sortl.    liivcsilmUWm    of   (iroenlng's    alco- 
hol  tal»K'  by.  20a-205 

(JnM'nln^'s    tabh*    as    corrected    by, 

•Ml-. 

a.  ■  '•  * 

Sorjjluim.  (»7 

Soiirlojr.   leehiilcal   acids  to  replace,  247- 
LT.  I 
til"  yeast    niasli.   244-247 
Spore    f»>rn>atlon.  endogenous,   215 
Spc<ltic    mavlty.   chan^^'s   In.   due   to   dlf- 
Irr.'iit    temperatures,  187 
(letinltlon    of.    7t'2 
(leiermiuatleii    of.    by    means   of    the 

sjHcbnrometer.    IS.',    1S(5 
determination  of  the  starch  lu  pota- 
toes by.  r>'J-.''»4 
of    mixtures    of    nleohol    and    water, 

tabb'   of   the.   :V2S 
table    t'or    «M»miiarln)j    the.    of    $;u};ar 
solutions    with     tlielr    suKai*    con- 
tent, according;  to   Ilalllni:.   180 
table      t'nr      the      determination      of 
siar<h  In  potatoes  from   the.  55 
Specltii-atioiis     f<ir     methyl     alcohol     and 
benzliu'  submitted  for  approval  as 
deiuuurlni,'       uuiterlals       In       the 
Inlted   States.   41  l-nr> 
Si)ent    wash.    the.    'Jl.   :5:{7-:Ul 

e«»mpos|(|,m    of    the.    :5:57-:{30 
nutritive   \aluc   of   the.   'M\[) 
utilization   of   th.>.   .'i.'lP-.'Ul 
Spirit,   clean.   :n".» 
of  Nvlne.    n    14 
filtering    of.    through    charcoal,    the. 
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raw.  constituents  of.  .'^18 
raw.     distilling    apparntiis     for    the 
production  of,  303-300 


Spirit,  raw,  filter  for  filtering  through  of 
charcoal,  325 
raw,   apparatus  for    the   productkm 
of,  directly   from   the  mash.  315, 
316 

Spirits.  300 

chief  object  in  rectifying.  317 
Spores  of  saccharomyces  cereylsiae,  212- 
215 

Stabl  on  fermentation,  200 
Starch.  22-31 

behavior  of,  relative  to  water.  25-27 

behavior  of,  under  high  pressure.  27 

behavior   of.    with    respect   to  acids 
and  diastase,  30.  31 

change  of.  to  dextrin,  28 

characteristics  of.  2*1 

chemical  composition   of,  24,  25 

conversion  of,  in  the  plant.  87 

conversion  of.  into  soluble  sugar.  2S 

determination    of,    in    frosted    pota- 
toes. 50 

disintegration    of.    and    preparation 
of  mashes.  150-182 

formation  of,  25 

forms  of.  22 

gelatinized,    effect    of    diastase    on. 
27 

gelatinizing  temperatures  of.   20 

granules.  22 

granules  of  corn.   23.  24 

granules  of  potatoes.  22 

granules  of  rye.  wheat,   and   barley, 
22    23 

In  potatoes,  content  of.  52  54 

In    potatoes,    determination    of    the, 
by    specific   gravity.    52-57 

in  potatoes,  table  for  the  determina- 
tion of  the  content  of.  55 

raw   materials  containing.   4«»  05 

reactions  of,  28,30 

reagent  for,   20,  30 

sohible.  28 

soluble,  Lintner's  method  of  produc- 
ing,  28 

theoretical  and  practical  vield  of  al- 
cohol  from  the.  41,  28^.  289 
Statistics  of  alcohol   production.  399-407 

in   Belgium.   407 

in   France.  -105.  400 

in   (termanv.  401-404 

In  (ireat   Britain.  400 

in   T'nited    States.    399.   400 
Steam  jet  exhauster,  the.   125-128 

mashing  oar,   the,  329 
Steaming.   19 

raw  materials.  112-150 

apparatus.   Bohm.   the.   117 

apparatus,  distribution  of  steam  in, 
130.  137 

apparatus,   ITenze.   the.   117  132 

api)aratus.    Ilenze.    arrangement    of 
the.    117-120 

apparatus.    Ilenze,    blow-out    devices 
of  the.    128-131 

apparatus.    Ilenze,    closures   of   the. 

122-125 
apparatus,   Henze.  the,  devices  used 
with   the.    125-132 
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Vogel,  method  of  detecting  fasel  ofi 
proposed  by.  317 

Volatile  fatty  acldn.  effect  of,  on  fer- 
mentation.  230 

Wagencr.   blow-out  valve,   the,   130 

dephlegmator,  the.  312.  313 

mashing  and  cooling  apparatus,  the, 
164 
Wash,  spent,  the.  43,  337-341 
Washer    for    potatoes,    Eckert,   the,    112, 

113 
Water  and  air  cooling,  combined,  205 

boiling  |>oint  of,  42 

consumption  of  the  distillery,  2S1 

contrivances  for  cooling  the  mash 
with.  100-173 

for  malting.  73-75 

in  liarley.  99 

in  malt.  99 
Weln's  table  for  determining  the  maltose. 

201.  202 
Wet  couch,  the.  92 
Wheat,  03.  04 

malt.   100-102 

malt,  efficacy  of.  100 

mashing  of,  the,   150-159 

starch,  granules  of.  22,  23 
Whlskv.  300 
Wlnc8.  low.  300 
WcMxl.   akM)hM|    from.  41 
Worts,    clfar,    clilof    advantages    of   pre- 
pariujr.   15.S 

dear,   yli'ld  of  alcohol   from.  158 

preparation  of.   1.'>0-158 

Y.-ast.   10.  212-210 

acldiiy  of.  the  determination  of  the, 
204.   205 

Han's  method  of  distinguishing  top 
and  bottom,  223 

brewer's,   225 

bn'wer's  bottom.  223 

brew<'r's   toi).  223 

cells,  fnictiticatlon    of.    215,    216 

cells,  growth  of.  212-210 

cells.  ])n»lincatlon  of,  212-215 

colls,   propagation  of,  212-210 

chamber,   the,  240 

chemical    composition  of,  228 

cooling  coll.  255 

culture,   pure.   10.   210-222 

culture,   pure,  natural.   225 

de.Md  periods  In  the  preparation  of, 
220 

degree  of  fermentation  of.  the  de- 
termination  of  the,  205 

distillery.  <baracterlatics  it  should 
possess.    22.M-225 

emer^'en«'.v.    preparation   of.    242-243 

bop.  ])reparatlon  of.   243.  244 

invest iuMt Ion   of  the,  204.  205 

mash.  11».   2:i0 

mash,  preparation  of.  230-240 

mash   apparatus.  230 

mash    coolers.    25.'i-2r>r» 

masb.   cooling  of  the.   253-250 


Yeast    mash,    final    sterilizing    tempera- 
ture of  the,  237.  2387251,  252 
mash,  malt  for,  237 
mash,  object    of    preparing    a.    rich 

in  nutrients.  237 
mash,  setting  the.  256-258 
mash,  sour,  cooling  the.  253-256 
mash,  soaring  of  the.  232-235,  244- 

247 
mash,  souring  temperatures  of    the. 

246 
mash,     sterilization     of     the,     with 

heat.  237.  238.  251.  252 
mashing  vats.  239 
material,  concentration  of.  237 
material,  temperatures  for  mashing 

the,  237 
mother,  256,  257 

mother,  quantities  of.  need.   260 
mother,  removal  of  the,  260.  261 
mother,  vessels  for  keeping  the.  261 
preparation,      Baaer*s     method     of, 

251 
preparation  of.  the,  236-266 
preparation  with  avoidance  of  dead 

periods,  242 
preparation  with  fluoric  acid.  248 
preparation    with    green    malt.    240- 

242 
preparation     with     klln-dfied     malt. 

242 
preparation    with     lactic    acid     and 

volatllf*  fatty  acids.  250 
preparation  with  mineral  acids.  250. 

251 
preparation      with       Partenheimer's 

mash.  244 
preparation     with     technical     lactic 

acid,  248-250 
preparation,    special    directions    for, 

202-264 
preservation  of  the,  201 
Kace   II..   215 
Race  XII..  217 
races,  222-226 
races,  developed  by  cultivation,  216- 

222 
ripe,  setting  with.  250-2.58 
ripe,   use  of,  for  pitching  the  sweet 

mash,  201.  202 
souring,    technical   acids   to    replace 

247-251 
special     directions     for     preparing. 

262-264  K     H«      ft 

substances    suitable    for    the    nutri- 
tion of,  228,  229 

temperature    for    setting    with,    the. 
258-201 

the  exciter  of  fermentation,  212-216 

top,  223 

vats,  2.39 

when  ripe.  259 

wild  races  of,  215 
Yield  of  alcohol  in  practice,  287-289 
Young  couch,  the.  93 

Zymase,  34,  37-40 
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ALCOHOL 

Its  ManufaiGture 

Its  DeneLturation 

Its  Iiid\istrieLl  Use 


rw^HEOOST  «f  WiiBfirtBilag  PfMfiiil  Alcohol  te 
I       OeraHHi  JlleClio4i  off  Deaatantloa  are  discussed  by  Consul-General 
Frank  H.  Mason  in  Scientific  American  Supplement  1550. 

Tte  Use,  Coot  aad  QBctaKy  off  Alcohol  as  a  Fuel  for  Qas  Engliies 

are  ablj  explained  bj  H.  Diederichs  in  Scientific  American  Supple- 
ment 1596.  Many  dear  diagrams  accompany  the  text.  The  article  con- 
siders the  fnel  valne  and  f^ysical  propeities  of  alcohol,  and  gives  details 
of  the  alcohol  engine  whererer  they  may  be  different  from  those  of  a 
gasoline  or  cmde  oil  motor. 

In  Scientific  American  Supplement  1581  the  ProdncUoa  of 
ladostrial  Alcohol  aad  its  Use  fai  Explooive  flotors  are  treated  at 
length,  valoable  statistics  being  given  of  the  cost  of  manufacturing  alcohol 
from  farm  products  and  using  it  in  engines. 

Freoch  riettaods  off  Denatnration  constitute  the  subject  of  a  good 
article  published  in  Scientific  American  Supplement  1599. 

How  Industrial  Alcohol  Is  Hade  and  Used  is  told  very  fully  and 
clearly  in  No.  3.  Vol.  95,  of  the  Scientific  American. 

j\  Most  Complete  Paper  on  the  Modem  Mannffactore  off  Alcohol, 

explaininv*  thoroughly  the  chemical  principles  which  underlie  the  process, 
without  too  many  wearisome  technical  phrases,  and  describing  and  illus- 
trating all  the  apparatus  required  in  an  alcohol  plant,  is  published  in 
Scientific  .American  Supplements  1603,  1604  and  1605.  The  article  is 
by  L.  Baudry  f\e  Saunier.  the  well-known  French  authority. 

The  Sources  off  Industrial  Alcohol,  that  is  the  Farm  Products  from 
which  alcohol  is  distilled,  are  enumerated  by  Dr.  H.  W.  Wiley  in 
Scientifiv.  American  Supplements  161  i  and  1612  and  their  relative 
alcohol  content  compared. 

Modem  Distilling  Apparatus  of  various  types  are  fully  described 
and  illustrated  in  Scientific  American  Supplements  1627  and  1628.  A 
more  exhaustive  treatment  of  this  phase  of  the  alcohol  industry  has  not 

been  published. 

In  Scientific  American  Supplement  1613  the  Uses  off  Indastrlal 
Alcohol  in  the  Arts  and  In  the  Home  are  discussed. 

Any  Single  Number  of  the  Scientific  American  or  Suppi^menT 
will  be  sent  for  10  cents  by  mail.  The  entire  set  of  papers  above  listed 
will  be  mailed  on  receipt  of  fi.30. 

Order  from  your  newsdealer  or  from  the  publishers. 
MUNN     <a     COMPANY.    3fel  Broadway.  NeW  York 


SCIENTIFIC    AMERICAN 

The  Most  Popular  Sdentific  Psper  in  the  World.    Established  1845 


Tliis  unrivaled  periodical  is  now  in  its 
Stety-Sccaad  ytmr.  and  owing  to  its  ever- 
increasinx  popularity,  it  enjoys  the  larg- 
est circulation  ever  attained  oy  any  ^en- 
tific  publication.  Every  number  contains 
sixteen  large  pasc-s,  neantifuUj  printed, 
handsomely  illustrated ;  it  preaecta  in 
popular  style  a  descript.ive  record  of  the 
most  novel,  interesting  and  important  de- 
velopments in  Science,  Arts,  and  Mann- 
fact  urea.  It  shows  the  progress  of  the 
World  in  respect  to  New  Discoveries  and 
Improvements,  embracing  Machinery.  Me- 
chanical WorkSj  Engineering  in  all  its 
branches.  Chemistry,  Metallurgy.  Electri- 
city. Light,  Heat,  Architecture,  Domestic 
Economy,  Agriculture,  Natural  History, 
etc.  It  abounds  in  fresh  and  interesting 
subjects  for  discussion,  thought  or  study. 
I  provides  material  for  experiment  at 
home  and  in  the  laboratory,  and  it  enables 
th  intelligent  reader  to  keep  informed 
a  to  the  industrial  and  scientific  develop- 
ment of  the  country.  To  the  inventor  it 
is  invaluable,  as  every  number  contains  a 
complete  list  of  all  patents  and  trade-marks 
issued  weekly  from  the  l*atcnt  Office.  It 
promotes  Industry.  Proifress.  Thrift  and 
Intelligence  in  every  community  where  it 
circulates 

TfiE  Scientific  American  should  have 


a  place  in  erery  Dwelling.  Shop.  Office, 
Scnool  or  I4brar7.  Workmen,  Foremen, 
Engineers,  Superintendents,  Directors, 
Presidents,  OfficiaU,  Merchants,  Farmery, 
Teachers,  I^awyers,  Phvsicians,  Clerigy- 
men.  people  in  every  walk  and  profession 
in  life,  will  derive  satisfaction  and  benefit 
from  a  regular  reading  of  the  SciB?mFic 

AXBHICAX. 

As  an  instructor  for  the  young  it  is  of 
peculiar  advantage.  Try  It.  Subscribe  for 
yonxaelf— it  will  bring  you  valuable  ideas ; 
snbacribe  for  your  sons—  it  will  make  them 
manly  and  self-reliant ;  subscribe  for  your 
workmen- it  will  please  and  assist  their 
labor ;  subscribe  for  your  friends— it  will  be 
likely  to  give  them  a  practical  lift  in  life. 

If  you  want  to  know  more  aliout  the 
paper  send  for  **  Ft/Urn  Reasons  H'ky  You 
Should  Subscribe  to  the  Scientific  A  met  icon,"  * 
and  for  "  Ftt'e  Reeuons  tt  ky  Inventors 
Skouid  Subscribe  to  the  Scientific  A  mencan.** 
Fifty-two  numbers  make  996  large  pages, 
equal  to  ^701  ordinary  magazine  pages, 
and  1,000  illustrations  are  published  each 
year.  Can  you  and  your  fnends  afford  to 
be  without  this  up-to-date  periodical  which 
is  read  by  every  class  and  profession?  Re- 
mit S^f^i  by  postal  order  or  check  for  a 
year's  subscription,  or  |1.50for  six  months. 
Wttbly  S 3.00  a  Y tar :       $  1 .60  Six  Months 


AMERICAN    HOMES 
^  GARDENS 

AN  eminently  practical  mag^azine  devoted  to  the  home,  its  surroundings,  and  country 
life  in  general.  It  api>eals  to  every  one  who  has  a  country  place  or  is  about  to  have 
one  or  who  has  any  love  for  country  life.  It  ap|>eals  to  the  women  of  the  family 
because  of  its  practical  suggestions  in  regard  to  the  house,  its  decorations,  the  arrange- 
ment of  furniture,  the  garilen  and  how  it  can  best  belaid  out,  what  flowers  sho«ild  be 
planted  at  certain  sea>cu>.  and  how  inexpensive  housescan  be  etnbcUished  by  window 
lK)xes.  creeping  vine•^.  and  well  grouped  shrubs  and  trees.  Besides  the  articles  of  a 
utilitarian  character,  many  others  are  published  which  stamp  *'  American  Homes  and 
(hardens  "  as  a  magazine  (jf  country  life  and  nature.  The  broad  character  of  the  publica- 
tion accounts  for  the  great  popularity  it  has  attained  in  a  short  time.  Each  number  con- 
tains 72  pages,  measuring  10'..  x  14  inches,  and  has  a  handsome  colored  cover,  the  design 
f»f  which  changes  with  each  is>ue.  The  subscription  price  is  $3  00  a  year  ;  single  num- 
l)ers.  25  cents.  In  order  that  those  who  are  unfamilar  with  this  publication  may  obtain 
an  idea  of  itscontent>,  we  will  send  three  back  numbers  on  rec*»ipt  of  25  cents. 

AmericaLiY   Homes  atad   GaLfdeas 

should  have  a  place  in  every  home.    \Vc  can  supply  single  copies  and 
also  take  subscriptions.     Price  <;vOo  a  year;  single  numljers,  25  cents. 

MUNN    &    COMPANY,  Publishers 

36>1    Broad-way,    Ne-w    YorK 
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